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UNDERGROUND AND PARTLYSUBMERGED Pl PE W NDI NG APPARATUS
AND METHOD FI ELD OF THE | NVENTI ON The present
wonvennsxnne relates to relining of underground eOMAWR00E/000474
such as stormwater and sewerage pipes. In particular,
the present invention relates to relining where the
pipe is in service and is carrying a |iquid.
BACKGROUND Many techni ques Bre currently used for
relining underground conduits. One nethod of relining
C biERCG AN}?]JS&'IQE[', 3 IPE WINDING
im;ﬁﬁ]ﬁ@%ﬁs of new p?%%%?ﬁ%&empgd. The pi pe
| engt hs are t hePABPARATUS AND METHOPe and are
joined together to forma continuous new pi pe.
Generally wth this nethod, the conduit being relined
ol r LSt of ten achi eved by "over punping”
Fl J?ﬂ%&ﬁgﬁﬁﬁm}@gemrage or other fluid above the
T}%ﬁxfee&% iAPehtiot rdlhteB ¥ Relffifs o einidepgronindt dumdeonduich as
ng relined). Methods that require "over punping"
stédre wetdesid adheragegipes. t Inepartistlaadhe quagdra iny ¢niéon relates
i nvol ved with the over punping, process. Another method
togelinisg whewg the PP isdDFETEsR 40 15 CFRYEIBALIY%ci ng a
pi pe wi ndi ng machi ne into an access pit and then
feeding an elongate plastic strip into the pit. The
BAEBKGROUWKNEN W nds the strip into an el ongate helical

pi pe. The applicant has devel oped varjous machi nes and
Maey edmiqoes arerndirentlyueseddoneeliniag undessrosacecastduifse Sane

nmet hods do,. not require !ove unpi ng’ and c be ..
mediae eerelBina secB EGRlT e BRGNS PR il into
wfﬁ?c%vlleﬁgfhs'_cg\ﬁ%\xﬁ\?ﬁpet {1636wered. The pipe lengths are then slid into

the host pipe and are joined together to form a continuous new pipe.
Generally with this method, the conduit being relined must be dry. This is
often achieved by “over pumping” (pumping the water, sewerage or other
fluid above the surface so that it bypasses sections of the conduit being

relined).

Methods that require “over pumping” are undesirable due to the cost and

complexities involved with the over pumping process.

Another method of relining underground conduits involves placing a pipe
winding machine into an access pit and then feeding an elongate plastic strip
into the pit. The machine then winds the strip into an elongate helical pipe.
The applicant has developed various machines and methods for winding such
a helical pipe. Some of these methods do not require “over pumping” and
can be carried out while a conduit being relined is in service. However, these

methods are not suitable for producing a welded pipe.
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nmet hods are not suitable for producing a wel ded
pi pe.ln sone applications, it is desirable to provide

wa 2006l 0g219el ded pi pe. Fully wel ded, or conti nueasiAp2006/000474
wel ded pi pes, are watertight. It is an object of the
present invention to provide a nmethod suitable for
relining an operational underground pipe that
elimnates or at |east mnlmises the need for
trenching and provi des a continuously wel ded pi pe.

In s%ﬂ%@ﬁ%@:zah%, # NVENTHBN: feprovdieg fhlly avdliled pipes pBally of
the ihvention there is provided a nethod of |ining an

weldredie bg contintuoasiy weldedh pipest awe wetedtight.i s i n service
carrying a liquid, the nethod conprising the steps of:
positioning a pipe w nding apparatus within an access

.pit adjpiping the b 0 : [ t i
R e R e T R L
relﬂ?ﬁ% Lh Wpetatidpienderadiung HiBe tRARSIMInatisg Afgatat us

an ®longate plastic or plastic conposite strip down,
mihithiges tiee péed, for enshirigparvhpingdeas abhehuspay edeldpd pipe.

first and second edges; driving the strip downwards
into the annular cage so as to present an incon ng

SUMNEARY, B P IOl SoCoer Tha Paui d chat has
adhered to and ascended with the second edge from
descendi ng down towards the incom ng first edge;

Acapglivg ng adimbadpent dfethe invegiarsthere isopravidedis methed s

i e e L BSE SeE R

1ighed, YBE MdiSa DS MAY% thd Skpedge and the adjacent

positioning a pipe winding apparatus within an access pit adjoining
the conduit to be relined, the pipe winding apparatus having an annular cage
through which the liquid flows;

feeding the pipe winding apparatus an elongate plastic or plastic
composite strip down into the pit, the strip having parallel spaced apart first
and second edges;

driving the strip downwards into the annular cage so as to present an
incoming first edge to an adjacent second edge of a wound convolution of the
strip;

preventing liquid that has adhered to and ascended with the second
edge from descending down towards the incoming first edge;

applying a molten bead of plastic to at least one of the incoming first
edge and the adjacent second edge of the newly wound pipe; and

compressing the bead between the incoming first edge and the adjacent

second edge,

thereby forming an elongate continuously welded pipe in situ.
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second edge, thereby form ng an el ongate conti nuously
wel ded pipe in situ.Preferably the nethod further

woanpringds a step of: heating at | east one of PO®AU2006/000474

incomng first edge and the adjacent second edge of
the newly wound pi pe, whereby the heating step

i nproves adhesion of the bead to at | east one of the
incoming first and adj acent3 second edges. Preferably
the heating step conprises: directing hot gas towards

Preggxgag;wg%;ing%d FRth&d8pride a0asp beating the first

Irecti ng hot 'gas towards the adjacent -

se Cﬁéwci.!@%i geleasthmegstahb eatdmingt fvst edgoand eigadjacent second
Preferably the preventing step conprises directing gas

edgoobitnehly weubddipelge at a circunferential position

o TR 4L AT R e
of &%’Hgﬁgﬁu B 391‘5? m'a%&\t@écdiﬁ?édgé%.e zenith of the
e@%e. refe

secon ably the gas directed towards the
second edge is directed in a direction substantially

;J;posite of the direction of travel of the second
Prefdrably Ahe beating stepyconiyisgfevent i ng step conpri ses

wi pi ng t.he_ second ed t.a circuaferenti L1

on" CREECBE 5k gt vt D Ao Bt Pap it eFF BRABEE the
£ ,?{13 between the liquid being carried by the

condurt and a point at or near the zenith of the

secQhebcEAghot Bag tewaRlsytht hejavent sgondnyivestis gasushting the

Wth a counter rotating brush. In a further

seadriceediget.i ve t he preventing step conprises inducing a
parti al

Preferably the preventing step comprises directing gas towards the second
edge at a circumferential position on the second edge, the circumferential
position being on an arc between the liquid being carried by the conduit and a

point at or near the zenith of the second edge.

Preferably the gas directed towards the second edge is directed ina direction

substantially opposite of the direction of travel of the second edge.

Alternatively the preventing step comprises wiping the second edge at a
circumferential position on the second edge, the circumferential position
being on an arc between the liquid being carried by the conduit and a point at

or near the zenith of the second edge.
Preferably the wiping comprises brushing with a counter rotating brush.

In a further alternative the preventing step comprises inducing a partial

vacuum at a circumferential position on the second edge, the circumferential
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vacuum at a circunferential position on the second
edge, the circunferential position being on an arc

woebtosaeseibhe |iquid being carried by the conduPCTAwdow@/ 000474

point at or near the zenith of the second edge.
According to a second aspect of the invention there is
provided a method of Iining an underground conduit
while the conduit is in sedvice carrying a liquid, the
nmet hod conprising the steps of: positioning a pipe

ol PRl el e Kt ey, e putend.

poih@yt 8enédr theehith of slgesddondiegigewhi ch the [iquid flows;
feeding the pipe wi nding apparatus an elongate plastic
or plastic conposite strip down into the pit, the

strip havin rall el . spaced .apant fi
AcEeBs VoY O el AR ABRegk B 25500 o
11@%&?&%&%@&&& LoRQAM UKL ARSCon@iui €8 ih Bervacd &lrr@hghot
g owar an area spanni ng adj acent convol utions of
lightte tisd fricphddh es@ipyisirigetita stgpsofvoi d wi thin the |iquid;
and wel ding adj acent convol utions of the stri .
t Iogpomaonmg apipe Wendiag applagatus MERIBAT acRpst aAjomning
el ongat e contj nyoysly. welded pipe in situ. C '
3 B DSOS Yl e P B S e g
i ﬁ%@fﬁfeﬂttﬂg lif kg hbst‘g an under gr ound _condui t, t _he
apparatus pon§r|5|ng. an annular franme in use having a
Cr Oyd HheopipRndiraling 3@ pRetis an elangsite pastioiod @lastic
di sposed” ar ound and supported by the anpular frane, .
cotpesijeistip dowarigéel thepiguhestrip beving paesliabspacad apash first
path when the machine is in use, the path having a
anglsgrqnl edges;
winding the strip into the annular cage so as to form adjacent
convolutions;
directing a jet of hot gas towards an area spanning adjacenf
convolutions of the strip thereby creating a void within the liquid; and
welding adjacent convolutions of the strip together within the gas void,

thereby forming an elongate continuously welded pipe in situ.

According to a third aspect of the invention there is provided an apparatus
for lining an underground conduit, the apparatus comprising;

an annular frame in use having a crown portion and a base portion;

a strip guide disposed around and supported by the annular frame, the
guide arranged to guide a strip-around a helical path when the machine is in
use, the path having a zenith;

a drive assembly mounted to the frame for driving the strip
downwards into the helical path in a winding direction so as to present an
incoming first edge to an adjacent second edge of a wound convolution of the

strip;
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a drive assenbly nmounted to the frame for driving the
strip downwards into the helical path in a w nding

wdi2omscnsnn so as to present an incomng first edgatkee/000474

an adj acent second edge of a wound convol ution of the

strip;a liquid renover nounted to the frane, the

liquid renover arranged to prevent liquid that has

adhered to and ascended wi bh the second edge from

descendi ng down towards the incom ng first edge; and

an fﬁéﬁf@&h&%ﬁ Hh&Gnied thiRe FaRE thé Nguikiamicesr drearigegl to

a nozzle in use extruding a nolten bead of plastic
pre@eholighiel it has adherefidsiandoscendad wéthdhe seeontl edee fram

Preferably the apparatus fur%,her con%)r' ses: a pair of
dessendingriah towards theipeominrg Hestedger e at a position

' nf tiall t | { .
por £% BHERE AU 100, DEeURtREnay G L erein use
ext?%c}h’t‘n%ea Hohish RIS Y MI¥eticRRb ehébirip AhepegiHangistdefore said
ov

erconprises: "a heater nounted to the frane and

ptioned to heat at |east one of the incomng first
edge and the second edge. Preferably the heater
conprises: a first gas nozzle nounted to the frane,

the first nozzle arranged to direct hot gas towards
Prefpgably, dhaaRiprp r&@égfm%ﬁ:‘eg‘ second gas nozzle

nount . . &l dn to
i v B e B e e e vel y
cir%ﬁ%f&%ﬁﬁ&ﬂy aBoRt haleway defweat tHeadbatroportimumaretithedaske

rame, the first radiator arranged to
portion, the pinch rollers driven by the drive assembly.

Preferably the apparatus further comprises:
a heater mounted to the frame and positioned to heat at least one of the

incoming first edge and the second edge.

Preferably the heater comprises:

a first gas nozzle mounted to the frame, the first nozzle arranged to
direct hot gas towards the incoming first edge; and

a second gas nozzle mounted to the frame, the second nozzle arranged

to direct hot gas towards the second edge.

Alternatively the heater comprises:

a first radiator mounted to the frame, the first radiator arranged to
radiate heat towards the incoming first edge; and

a second radiator mounted to the frame, the second radiator arranged

to direct radiant heat towards the second edge.
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radi ate heat towards the incomng first edge; and a
second radi ator nmounted to the frane, the second
woadicagxie arr anged to direct radi ant heat towaPds/Atth@6/000474
second edge. Preferably the Iiquid renpver conprises a

third gas nozzle nounted to the frane, the third
nozzl e arranged to direct gas towards the second.edge
at a circunferential positién on the second edge, the
circunferential position being on an arc between the
Prefeitbly theiliei¢ drnbee dsmblisescofiditd badndzale padunitedtto the
near fhe zenith of the second edge, wherein in use the
frarhi ritherthirdl rozatecaremiged fodiirectidastowasdsidiesesond edgaet a

~ascended_with the second edge from descendi ng, down
ciicypReERN tiath @ OPIIOBAThEr SEF QR @ﬁg@ t%mrépﬁﬁ?#%%mﬂém

Liquid renov conpsi . WM . .
oo BB R 8 A PR U R d £
orGhdat YRE 86,88 bRthaRRebhd @AgeN the second edge, the
circunferential position being on an arc between the

| i quivteteth ingusattre thitdoyozAe poaretits liqaiddthat pes adhereddp and

near the_zenith of the secaond edge, wherein in use the
asgepded prdhidssscondiarge fom dﬁ%@ngm&fi@wrk towars tag BrqEyns
f.w'ﬁt(g t he second edge from descendi ng down towards the
1She gfer'ng first edge. Preferably the w per conprises a

rotating brush. In a further alternative the liquid

renmover conprises a partial vacuum inducing assenbly
Alvettiitealyathediquit aenfovee nbinplrispe a ivripen noourtthé ts doofrdme, the
edge, the circunferential position bejng on an arc

wirarsegagingtheisqeons pdgnat @ sirpmdensptiphposidaaonthg secopd
B3 B S o BERG L ASTLR 0 L1E OGBS S8 eing
cat¥iell M thEFontBitMIPLpoint at or near the zenith of the second edge,
wherein in use the wiper prevents liquid that has adhered to and
ascended with the second edge from descending down towards the incoming

first edge.

Preferably the wiper comprises a rotating brush.

In a further alternative the liquid remover comprises a partial vacuum
inducing assembly mounted at a circumferential position on the second edge,
the circumferential position being on an arc between the liquid being carried
by the conduit and a point at or near the zenith of the second edge.

Preferably the annular cage is substantially cylindrical in shape.

Preferably the crown portion comprises a lifting member liftable by a crane.



10

15

20

25

Preferably the crown portion conprises a lifting

menber |iftable by a crane. According to a fourth
weapwscansab the invention there is provided an BOPATASH00474

for lining an underground conduit while the conduit is

in service carrying a liquid, the apparatus

conprising: a cylindrical franme in use having a crown

portion and a base portion7 a plurality of

substantially paral |l el spaced apart rollers disposed

Wt@? Fo MR % d&%s IPB(e frRRnEhitErel i§ Protidet®in dpparatus

ormng gurde to gwdeastrlp around a
forﬂﬁimg ah waldigidien ¢drrlutbwhiledhe sonduitsein sereicpattrying a
having a zenith; a pair of strip pinch rollers nounted
liquicl, h@a}ﬁpm%ﬂéompmgtl on circunf erent| aI |y about

hal f th t
por RFBNRSACSIEFARR 46t D" SEALITONy ROULART & ERS PPFISRY

' 3 PhER L FPPRATLEN Al ePSARRL e ABbered 1

aroMrthmy sﬁi}bpﬁﬁédi @9 the c?ﬁndﬁcaﬂrfme,ttha mollmcfmmmg aggide to
edge to an acf acent second edge of a wound convol ution
guiste a steipsanoupd aahelicgd path wiendhe mashinafisip uspehepath |
the liquid renover arranged to prevent |iquid that has
havinge 221t and ascended with the second edge from

desg jJa (g@stﬂ n{:l%@i s, &?r%tbﬂ%%@%afﬂéa&t u@@ﬁﬁ@nand

an e rame e extr havi ng

c1ré‘u1@19@réhﬁall? ab&8t RXIEwe( ibativeerthd @owieportivin gt lrase
onto the strip at a p03|t|on just before said overl ap.

poftief;er abl y the apparatus further conprises a secondary
drive assenmbly mounted to the fr t he econ
dri @é’%&@@hﬁﬂye ﬁﬁ%ﬁﬂﬂalﬁ’ﬁ&o‘é’aﬁﬁdtﬁocﬁﬁ rame an Operégbel

connected to the pinch rollers for driving the strip downwards into the helical
path in a winding direction so as to present an incoming first edge to an
adjacent second edge of a wound convolution of the strip;

a liquid remover mounted to the frame, the liquid remover arranged to
prevent liquid that has adhered to and ascended with the second edge from
descending down towards the incoming first edge; and

an extruder mounted to the frame, the extruder having a nozzle in use
extruding a molten bead of plastic onto the strip at a position just before said

overlap.

Preferably the apparatus further comprises a secondary drive assembly
mounted to the frame, the secondary drive assembly providing additional
driving torque to the primary drive assembly,

wherein the additional driving torque allows the pipe to be produced

in longer lengths in situ.

Specific embodiments of the invention will now be described in some further
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driving torque to the primary drive assenbly, wherein
the additional driving torque allows the pipe to be

wonrowuogxei n 1 onger lengths in situ. Specific PCT/AU2006/000474

enbodi nents of the invention will now be described in
some furtherdetail wth reference to and as
illustrated in the acconpanyi ng Figures. These
enbodi nents are illustrati®e, and are not nmeant to be
restrictive of the scope of the invention. DETAILED
%ﬁ# R VB Ml Sdmkihg [FNMMERE] Dhese
cilejc%ipre E%F%ngﬁgéglar%gﬁt of tehe i nvent i o}ﬁg:?s I'll'ustrated
embBdirhénts aeOMBMILNG, 418d aesrot ratanin® herestriaive ditheseope
shows a schematic cross sectional view of an
of hedevertound conduit being relined using a nmethod
according to the invention. Figure 2a is a perspective
view of a pipe w nding apparatus used with the nethod
ﬁA i ~Ri Bk A PREMSIREDEMBODINENYOF THE
D 0 ﬁh@%é%%{fgﬂteégppar atus show in Figure 2a. Figure
INVYENEBI@Nschemati ¢ cross sectional view show ng the
met hod and appartus illustrated in Figur eg 1, 2a and
A pisfernedrembodamgnt of thejovertiopis Husialeday the aCRPIAYING
views to that.of Figure 3a, but show alternative
repIRsRINRHeM D WhIdYr e 4a i s a perspective detailed view
e 1NROARNAL rg,lt‘} QGBI iEF FrpaAd&rofthd eorddh
Fl%q{c,realrgglgrspecctéhlte\&}[za etgﬁ eég 1vi ewlof t he app%%;t us shown
beirnly feliflbd @Sirdfa method according to the invention.

Figure 2a is a perspective view of a pipe winding apparatus used with the
method of Figure 1.

Figure 2b is a detailed perspective view of the top of the apparatus show in
Figure 2a.

Figure 3a is a schematic cross sectional view showing the method and
appartus illustrated in Figures 1, 2a and 2b in more detail.

Figures 3b, 3c and 3d are similar views to that of Figure 3a, but show

alternative embodiments.

Figure 4a is a perspective detailed view of the apparatus shown in Figures 2a

and 2b.

Figure 4b is a perspective detailed view of the apparatus shown in Figures 2a
and 2b but with an alternative heater means.

Figure 5 shows a cross sectional view of a plastic composite strip (profile)
used in the method illustrated in Figures 1 and 3a; and

Figure 6 is a perspective view of a pipe produced by the method illustrated in
the preceding Figures.

Referring to Figure 1, a pipe winding apparatus 10 is shown in position

within an access pit 3 adjoining a conduit 5 to be relined. The pipe winding
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and 2b but with an alternative heater neans. Figure 5
shows a cross sectional view of a plastic conposite
weoennispognsof il e) used in the nmethod ill ustrat edCTAU2006/000474

Figures 1 and 3a; and Figure 6 is a perspective view

of a pipe produced by the nethod illustrated in the
precedi ng Figures. Referring to Figure 1, a pipe

wi ndi ng apparatus 10 is shdwn in position within an

access pit 3 adjoining a conduit 5 to be relined. The

apg'hﬁ&ugﬂﬂi@ Hh SR BAALBE YBarhE 40 Wesh BhowAUh Fighrels thebugrest

own I n Frgure 2a) through which liquid can flow.
whitl Siquidearcflogui Thoy, ti genduitenpipe § edrabe teltedilidtadhivhéle
in service (carrying stormwater or sewage for
in Beryicer(calrying spud| Wak op6eVege FRIINEHHGY)- gr ound f eeds
t he pipe w nding apparatus 10 with an el ongate plastic
or plastic conposite strip 12 down into the pit 3.
! . . | E
A D R D R o o1
with ﬁﬁ@@ﬁ%a&@ Histic pr iftadticl conspisiteltep flard aver iot the tpiite3.
nmet hod o tﬁe i nvention. Referring to Figures 2a, 3a,
Variaiissstriph er gppfilescar be wsedc Fighas Sehoxrufioss sectional view

cylindrical frame 40 that in yse, ha .CI O [t .
Of B HReRE CPRYQIHHPBS ) 4 BRI SRIE R LS RS Lo with
th@%ﬂﬁh@&c&% RAhfignhas a base portion 49 that in use

mey rest on e conduit 4. The apparatus 10 al so

includes a plurality of substantially parallel spaced

apart rollers 41 disposed around and supported by the
Refermingto Figanes 260 32 find 4, th¢ epparatus H} includpsiateanyilghii de

oSl LB R S P AR 5 TR |
crhRERRRRY Ttk 2 Epe S lF RRRAIR0 Ko A Rand PR 47 it
use may rest on the conduit 4. The apparatus 10 also includes a plurality of
substantially parallel spaced apart rollers 41 disposed around and supported
by the annular frame 40. The rollers 41 form a guide to guide the strip 12
around a helical path when the machine is in use. The path has a zenith

adjacent the crown of the annular frame 40.

The apparatus 10 further includes a pair of primary strip pinch rollers 71 and
72 mounted to the frame 40 at a position circumferentially about half way
between the crown portion 42 and the base portion 49. A drive assembly 53 is
also mounted to the frame 40 for driving the strip 12 into the helical path in a
winding direction such that the adjacent edge portions 16 and 18 of adjacent

convolutions of the strip 12 overlap.

A gas nozzle 99 is mounted to the frame 40 and is arranged to direct gas (in
this embodiment, air) in a direction across and having components towards

the zenith of the strip path and against the winding direction of the strip 12.
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72 nounted to the frame 40 at a position
circunferentially about half way between the crown
weandei1ose142 and t he base portion 49. A drive aBeemulg06/000474
53 is also nounted to the frame 40 for driving the ‘
strip 12 into the helical path in a w nding direction
such that the adjacent edge portions 16 and 18 of
adj acent convolutions of tH® strip 12 overlap. A gas
nozzle 99 is nounted to the frane 40 and i s arranged
Tﬂega@'r{o%re viefitst thi SvABP A FRBis éa?dci‘éticbr[s) 9 illistestetlan
actoss and having conponents towards the zenith of the
Figiirel Ja foatohtraneling aiomat tavwerdsithdiwejditigr aret ins s deatlyie
_.strip_12. The gas nozzle 99 prevents the water and
illgetpated in she peamapti oidFignreda-rated in Figure 3a from
travelling down towards the welding area as is clearly
illustrated in the schematic of Figure 3a. Figure 2b
Fié&&% vBegh LiaRainal szLie B9’ ThitHchRORADS ehelieShat the
nsure that the edge of the strip is cleared of water
edaRdbfdROEirE isldleaatd of warttoatidrdabris.ofn other embedtinents ofthe

addi tional nozzle will not be needed. Both nozzl es e
inyentiony the agditianwd ngrzleillouitbenesgsg poth s A
mani fol d .105. Vari ous .ot her a can. | oyed to
copeisae ot SR Uy e 105 e IR e vel di ng
area. Sonme of these alternative neans are shown in
Figures 3b, 3c and 3d. Referring to Figures 3b and 3c,
Vari6itd ethice ek ah beteheplbgedito pravere mscretions howellirifhéown
w per of Figure 3b is a counter-rotating brush 199
togirairde phe Wehigiag raaser. SomelOf7thgse altermetive pogns\gse sRown in

variqys_notqrs, can be enpl oyed, preferably the notor
Figyres 3D, df fRePdneunati cal |y or hydraul i cal Iy driven.

An alternative sinplified wiper is shown if Figure 3c.
This wiper 199" is in the formof a flexible rubber or

R&eAShHE 6o FRARES 3b and 3¢, liquid removers in the form of wipers are
shown. The wiper of Figure 3b is a counter-rotating brush 199 drivenin a
direction 197 by a motor 198. While various motors can be employed,
preferably the motor 198 is either pneumatically or hydraulically driven. An
alternative simplified wiper is shown if Figure 3c. This wiper 199" is in the

form of a flexible rubber or plastic member.

A further alternative liquid remover is shown in Figure 3d. The liquid
remover of Figure 3d comprises a partial vacuum inducing assembly 196. This

assembly includes a suction nozzle 99.

In Figure 2b, an alternative lifting eye 112 is shown to the lifting frame 111

shown in Figure 2a.

The winding apparatus shown in Figures 2a, 2b and 5 is driven by a hydraulic

motor 60 (not shown). The hydraulic motor 60 is able to operate in harsh
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A further alternative liquid renover is shown in
Figure 3d. The liquid renover of Figure 3d conprises a
weoaondei1iag21¢acuum i nduci ng assenbly 196. Thi s asemalieo06/000474
i ncludes a suction nozzle 99. In Figure 2b, an
alternative lifting eye 112 is shown to the lifting
frame 111 shown in Figure 2a. The w ndi ng apparat us
shown in Figures 2a, 2b andl15 is driven by a hydraulic
not or 60 (not shown). The hydraulic notor 60 is able
cohBitRR\Y AHEptdviAad 8 e irg Lo BaRRGORIIAM ﬂﬁ%‘cﬁﬁ h2gRound the
torque output to drive the strip 12 around the inside
ingifle o ¢he oblleas 41 AAn oftionpt sexpatageddmdassendplyveving pinch
ssenbly having_pinch rollers 121 and 122 as_shown jn
rOﬁﬁ@JrQé al hRaphayypin Higgre Sanaibs @a‘avé%ér Tyg secondary

R SR RS AR Y0P PR L
bephiddfiReddn élg@hﬁ fih 578 YRS tie/Bd SREWT Y phithaRdriie

|

secondary drive assenbly 120. The secondary drive unit
assanbbf 7Cand ke beoadptyyieitte iapsemblyrl 28nThe semmmidsrp flrivieeinit

invention schematically illustrated in Figures 3a, 3b
cagrnf coursere enpioied & qiif\gne@beé}m%tS&ﬁhﬁ HBENgiOs or s

art .of .t aratus 10.,The exiyuder 80 is fed with
S¢ F%flic%l%gﬁ%%ge(ﬁmg@{esag%g‘g’pﬁrﬁ?f%%be 81. The extruder

80 has a nozzle 85 that applies a nolten bead of

plastic to the incomng first edge 16 as i s nost
Refeasung yo Bipoiwe 2k nartexpunder80 foolsyeirhyf dreppaastusd Oc dihe

be used for both the strip 12 and as the feed sto

d k
extrrderiil ie ked Wity plastic pollsts thiaughea sEpplyItabe Sbs e extruder

MET TR T
S g B com e N
Figure 5, a stiff pipe can be wound. Wile the method
P(t))lgfe‘zhhy?ene plastic can be used for both the strip 12 and as the feed stock for
the extruder 80. Polyethylene is a low cost plastic that has excellent chemical
properties making it highly suitable for rehabilitating pipes. While it lacks the
stiffness of PVC, when combined with a reinforcing strip such as the strip 30
illustrated in Figure 5, a stiff pipe can be wound. While the method of the
invention is particularly suitable for polyethylene pipes, other plastics may be

used.

After the molten bead of plastic has been applied to the incoming first edge
16, the bead is compressed between the incoming first edge 16 and the
adjacent second edge 18 between a pinch roll assembly of primary drive
assembly 70 having opposed rollers 71 and 72. Figure 5 shows the resultant
welded seam 19. As this is a continuous process, a continuous weld is

created.



10

15

20

25

invention is particularly suitable for polyethylene
pi pes, other plastics may be used. After the nolten
woeeomb/10821pl asti ¢ has been applied to the i nconPam/Afti20st000474
edge 16, the bead is conpressed between the incom ng
first edge 16 and the adjacent second edge 18 between
a pinch roll assembly of primary drive assenbly 70
havi ng opposed rollers 71 d48d 72. Figure 5 shows the
resul tant wel ded seam 19. As this is a continuous

105F iR dx%hmﬁﬂgg HALIBLLRT WalhdwiShb&hg applieWhb ltke intohigg first
draw ngs the Bead is shown being applied to the
edigBdeninngthéi emboditgentstof theimtdntione theookavemay hefapied to
I'nvention, the bead may be applied to the adjacent
the edjanentsdgend Regerring to Figures 2b and 3a, it can be
seen that conduit 94 carries hot air towards nozzles
9§ﬂ_ and 97. Nozzle 97 directs hot air towards the
o . . . o )
R B FiRERTh PPl P Dl L] e e ot air
tofRe@a8o£Ae£95 The Mo Narizie ¥k diretty hooairl tesra98s trewadjacent
preheats and dries the edges of the strip 12 to

sefand Edg@trea dinectien sitbgiaptialke epposite terdirecionridravedof the

re-heating he edges of t.he stri facdt itate t
adaea i et euttersr g At pididm
AR e Ll R o gmat
mEkhEsf fredidatihen@nsl oty ohtlasstipitotfacilitate tns webding|procéss

used to facilitate the wel ding process. The apparatus

cafth{dﬁ:msekie Hogirdsta'\ﬂldeumdian’eldeateml’siugh a8 the elgatriseresistanceo

i ne _an underground conduit whi th Lt is i
ragignfiheaters L 9?1@962&%%}@‘18&%'&{?&@  Betgi e heating
m2BRALARUS, NAS BEEN, ROSLL A5 Wdd Y karflit e RS vdlliing

process.

The apparatus described and illustrated in Figure 4 can be used to line an
underground conduit while the conduit is in service carrying a liquid. Once
the pipe winding apparatus has been positioned within an access pit
adjoining the conduit to be relined, it is fed with an elongate plastic or plastic
composite strip 12 down through an access pit 3 as is illustrated most clearly
in Figure 1. The strip 12 is driven downwards into the cylindrical cage 40° so
as to present an incoming first edge 16 to an adjacent second edge 18 of a
wound convolution of the strip 12. The high velocity air directed from nozzles
99 and 99’ prevents liquid and/ or other accretions that have adhered to it
ascending with the second edge 18 and from descending down towards the
incoming first edge 16. Hot air is directed to both the incoming first edge 16
and the adjacent second edge 18 in order to heat the edges before a molten
beaded plastic is applied to either one of the incoming first edge 16 or

adjacent second edge 18 and before compressing the bead between the
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adjoining the conduit to be relined, it is fed with an
el ongate plastic or plastic conposite strip 12 down
wohowugseian access pit 3 as is illustrated nosPCTiagaodeypoo474
in Figure 1. The strip 12 is driven dowwards into the '
cylindrical cage 40' so as to present an incom ng
first edge 16 to an adj acent second edge 18 of a wound
convolution of the strip 123 The high velocity air
directed fromnozzles 99 and 99' prevents |iquid and/

iy e SOEE TS el ecaisige 1| o o

towards the incomng first edge 16. Hot air is
directed to both the incomng first edge 16 and the
Withij the en¢thod ctescribety ghustfar m pipgsanths Weand ihsitegyaie the

congeig sl rseBrrmg Lo e ceadBt bt Fabie sdohe
ca%%gi%ﬁ ﬁ?enaﬁl% xpgtfeQ Eeeveg ﬁf%&%ﬁg&;} gi‘gﬁggﬁ'g 55 AR WRRBwhat higher.

comng Tirst edge Jacent second edge

Ad®rdiid o 4 Hﬁ:tmtalg?ectctﬁf&ﬁé ilpRchtiohusietliod & piovédedthatevill

wound 1n situ while the conduit 4 is still in service.
opdratednesueh confiarsn duirtethod smhadyiing) the sespnd @gpect of the
. capacity_then the er level illustrated iin Figure 3a
iy RHOB BB FEICHNR SIS o T 895 VPR ABATSR pect

of the_ in t ' ' i L L 1o ees
el s oS SR ot bt e
liRGeo weraﬁﬁg%f a@facé e onVeRN i bfithe ke fogethérethenfoccurs
I recting jet” of hot gas towards an area spanning
witthjrathengascaido [n bilmrsegpedts sush nimethiodrashiodyiagtthisgspect

void within the_ liquid. Welding, of adjacent
ofhevByentiomis similapo the finst F%ﬁ’é’%ﬁé‘#nﬁ aéﬁrﬁéé&bé’vﬁa thin

the gas void. In other respects, such a nethod

enbodying this aspect of the invention is simlar to

Th& el Egaeelfﬁ@q}?bﬁﬁﬁ'% lop ek Ahpnedesthi®edaheitlodpiipe

100 wou by either of the above-described nethods is
ilfustrasdd at e pepspdreiveariopar Higere\d. élhisfpife fyur eor@inufhisty

pipe is a continuously . . .
welded pipe that provides a watertight conduit of high integrity.

While the present invéntion has been described in terms of preferred
embodiments, in order to facilitate a better understanding of the invention, it
should be appreciated that various modifications can be made without
departing from the principles of the invention. Therefore, the invention

should be understood to include all such modifications within its scope.
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wdeswriogxd in terns of preferred enbodi nents,

wel ded pi pe that provides a watertight conduit of high
integrity. While the present invention has been

to facilitate a better understanding of the invention,
it should be appreciated that various nodifications
can be nade w thout departing fromthe principles of
the invention. Therefore, flhe invention should be
understood to.include all such nodifications within

"+ AESCPRTNS BEFIIING PR IVENTEONWRITASY GFEOAS:

d of lining an underground conduit
while the conduit is in service carrying a liquid, the

met hod conprising the steps of: pgsitioning a e, .
wh-ndi methee of ining aw vndergapuad cendujjwhile ]ﬁtﬁ ?ﬂrﬁ%ﬁf J§dn
conduit. to be rel.ined, .the pi wi_ndi t

hav SRy IShCH AR e g et}{%ﬁ‘ﬁWBﬁs{f’%e"%ﬁfgﬁgﬁ d&fS | ows;

f eedi ng ithd 2L Og a&%% Handwahangatecdsh pat i C
or pl astitag)%%:tginr'g{gé;éntﬁggstrinp ovg}gi nto the pit, the@ﬁtt )
st r iagljdiatigihenpndulittho epetiedd aberdipé wistirgappaetrchaving
edges; driving the strip downwards into the annul ar

cagensuradar cagertheeugh whichthalidigdiflows; edge to an

adj acent second, edge of wound convol yti f e

strip; prfg ithg %%WF%&WPH%?U&%‘%@H%}S%%%% or
asc .he Q:Pﬂg TRk Wallel
to r%%%%&éhﬁ%%%nﬁtﬁg NS, eggg; éplg‘fst? g aﬁﬁglq}%en ¢
beac@pﬁf:ecplaﬁﬁlttifﬁtsﬁzﬁicﬁéecbﬂdsddg,‘éﬁ,e of the incoming first
edge and the adj acent second edge of the newly wound

pi pe; andiuvimgrtbs stridohmvirssld ibtst theannuiher Gagesriagdo

first edgte and the %gita%%réttoseco d eg

e
present an mcoming e an adjacen ¥&¢ond edge of a wound

convolution of the strip;
preventing liquid that has adhered to and ascended with the
second edge from descending down towards the incoming first edge;
applying a molten bead of plastic to at least one of the incoming
first edge and the adjacent second edge of the newly wound pipe; and
compressing the bead between the incoming first edge and the
adjacent second edge,

thereby forming an elongate continuously welded pipe in situ.

2. A method as claimed in claim 1 further comprising a step of:
heating at least one of the incoming first edge and the adjacent
second edge of the newly wound pipe,
whereby the heating step improves adhesion of the bead to at

least one of the incoming first and adjacent second edges.

3. A method as claimed in claim 2 wherein the heating step comprises:

directing hot gas towards the incoming first edge, the gas

PaTAUd@I6/000474



10

15

20

25

thereby form ng an el ongate continuously wel ded pi pe
in situ. 2. Anethod as clained in claim11 further

woanpriogding a step of: heating at | east one of PCIAU2006/000474

incomng first edge and the adjacent second edge of
the newly wound pi pe, whereby the heating step

i nproves adhesion of the bead to at | east one of the
incom ng first and adjacentlbsecond edges. 3. A nethod
as clainmed in claim2 wherein the heating step

CONMUda$8%- theiffr8Cdd W ahQt gas towards the incom ng
first edge, the gasheating the first edge; and

di r ect i ngdibedtirgplsott gasetodsr déthesat]jacen secrrbedie dye gas
the gas heating the second edge. 4. A nethod as

cl aihasgingtheisgrondied@@r ei n the preventing step
conprises directing gas towards the second edge at a
circunferential position on the second edge, the

Ciyr C {2 i QAR ¢ vilerRih B HebeREh ddiprises
I%qu%gﬁ?g?ggds?a?lri ed r‘by the conduit nde g pogﬁt%ibat orr1
neardirbgtireesad fowards ke seoadedgdge a diccubnferdritad pasition on
claimed in claim4 wherein the gas directed tovvar%ls

t he heserendadgeithe gircamfergntinl positipa bejnghon an arc between
substanti al.l.y. opposi t.e of the direciion.qof travel of .
Che Sediifd B Sa T bt angbitad afintatof Jéfy ¢ zenith
mer@ﬂéﬂe%@@orﬁi@é{g@“ ng step conprises w ping the

second edge at a“circunferential position on the

second edge, the circunferential position being on an
arc between the liquid being carried by the conduit

afd A mpeihed ag claimerbin claine 47eherein He gasdisectonh fowads the
second edge is directed in a direction substantially opposite of the

direction of travel of the second edge.

6. A method as claimed in claim 1 wherein the preventing step comprises
wiping the second edge at a circumferential position on the second
edge, the circumferential position being on an arc between the liquid
being carried by the conduit and a point at or near the zenith of the

second edge.

7. A method as claimed in claim 6 wherein the wiping comprises

brushing with a counter rotating brush.

8. A method as claimed in claim 1 wherein the preventing step comprises
inducing a partial vacuum at a circumferential position on the second
edge, the circumferential position being on an arc between the liquid
being carried by the conduit and a point at or near the zenith of the

second edge.
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7. A nmethod as clainmed in claim®6 wherein the w ping
conprises brushing with a counter rotating brush. 8.

waneichiogk1as cl aimed in claim 1 wherein the prepemalages/000474

step conprises inducing a partial vacuumat a
circunferential position on the second edge, the
circunferential position being on an arc between the
l'iquid being carried by theléconduit and a point at or
near the zenith of the second edge.9. Anethod of

| pni @%@fﬂoar&mﬁgaﬂ reiRRs i MWldR:if While SREHbAdEiE id #h

service carrying i qui the nmet hod conprising the

st epervite cpaging ohigagl, ahqs)mmheml ndrm@glsapg)’dree&teps of:t hin
an access pit adjoining the conduit to relined, the
pi pe Wi ndPQFEHIANPERCRIPS W\W%aanarmwa %é&@cﬁ%ﬁsdﬁ h

whi ch,.t.he | |,qui d edln

appaipiEe i g SR B PeS Rl A a s having
SUT i b SNt E‘ééé MSughRNhlElﬁ'%éﬁ i3 flgwkng paral | el

spaced apart fTrst and second edges; W 'nding the strip
into the feadingatheqdpe windasy dppdratun ad¢langate plastic or
convol utions; directing a jet of hot gas towards ap

ar eapleptimedmyosits sicindowsnntsl theipihdhe strimbasing parallel

2l AEHES OOt P eGP HESi 1 toget her wi thi n T e
S5 )y B OG0 0 ERSRi e O el
undedggivelingospndui t, the apparatus conpri sing:
directing a jet of hot gas towards an area spanning adjacent
convolutions of the strip thereby creating a void within the liquid; and
welding adjacent convolutions of the strip together within the

gas void,

thereby forming an elongate continuously welded pipe in situ,

10. An apparatus for lining an underground conduit, the apparatus
comprising:

an annular frame in use having a crown portion and a base
portion;

a strip guide disposed around and supported by the annular
frame, the guide arranged to guide a strip around a helical path when
the machine is in use, the path having a zenith;

a drive assembly mounted to the frame for driving the strip
downwards into the helical path in a winding direction so as to present
an incoming first edge to an adjacent second edge of a wound
convolution of the strip;

a liquid remover mounted to the frame, the liquid remover

arranged to prevent liquid that has adhered to and ascended with the
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an annul ar frane in use having a crown portion and a
base portion; a strip guide disposed around and

weuppansxad by the annul ar frane, the guide arraqgad200s/000474

guide a strip around a helical path when the machine
is in use, the path having a zenith; a drive assenbly
mounted to the franme for driving the strip downwards
into the helical path in a7 nding direction so as to
present an incoming first edge to an adj acent second

98-8hd @dg@ %gn ?g&\téﬂléﬂ% 86wal to d5 thé Ricomihgditktedge;

remover notnte ane, the liquid renover

arrgqged to prevent |iquid that has adhered to and
ascended with thesecond edge from descendi n

t owar ds amextrnderinoynted i thedtpme dha exkusler %ag%\ga nozzle
mounted to t f , th [ . .
s cnese A rroPTen PR Bt BIRSRF 2ot eirD Rbefios

at % Shobd QN divehaRef ore said overlap. 11. An
app’ Patus as claimet in claimi10 further conprising: a

pair of strip pinch rollers mounted to the frane at a
position circunferentially about halfway between the
dil ovm aygaratms asethimied ibatainp ) fursher comePEsRGh rol | ers

driven by the drive. assenply. 12. r at "

cl ai med ®R2EHiSHIR G {oﬁglré/ W?@%g%o t%a eeLa%sc ea‘?ﬁosmon

moup b t I

or A R IR o e
- A%k PORRNAIHSpidSh ¢bRéRI VN Iy theanlrite absenably. t h

heat er ‘conpri s%é:?l ' by © ¥ ©

12. An apparatus as claimed in claim 10 further comprising:

a heater mounted to the frame and positioned to heat at least

one of the incoming first edge and the second edge.

13. An apparatus as claimed in claim 11 wherein the heater comprises:
a first gas nozzle mounted to the frame, the first nozzle arranged
to direct hot gas towards the incoming first edge; and
a second gas nozzle mounted to the frame, the second nozzle

arranged to direct hot gas towards the second edge.

14. An apparatus as claimed in claim 12 wherein the heater comprises:
a first radiator mounted to the frame, the first radiator arranged
to radiate heat towards the incoming first edge; and
a second radiator mounted to the frame, the second radiator

arranged to direct radiant heat towards the second edge.

15. An apparatus as claimed in claim 10 wherein the liquid remover

comprises a third gas nozzle mounted to the frame, the third nozzle
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woiowI10gxge;

a first gas nozzle nounted to the franme, the first
nozzl e arranged to direct hot gas towards the incom ng

frame, the second nozzle arranged to direct hot gas
towards the second edge. 14. An apparatus as cl ai ned
in claiml12 wherein the heater conprises: a first
radi ator nounted to the frda®, the first radi ator
arranged to radi ate heat towards the incom ng first

edg%&a&[g%gﬁostﬁwﬂ ad AR thEBUURIed & dhecitdaiRrehl

secon ator arranged to direct radi ant heat >

t owggaditidrhen ske swonddgige, e cidmmafepanti] posiBrcheingmon an
in claim10 wherein the liquid renover conprjses, a ,
t hi redc hatvesythediqrid heis easieddy herpondusfanchi pgint at or

nozzl earranged tpo.direct s towards the second edge

at dﬂ%%F@%ﬁ%%ﬁ%ﬂfﬂﬁﬁesﬁg?gagﬁ on the second edge, ?he

cir cunt enGALidh PO feMMRERGLIOBré/endd fiq i HREHad Aghered
y the cond

l'iquid being carried It and poi nt at or

neariotig] Zeehdéd ofith the seecnd édﬁd@@mﬁh@d@idmng dousetoweds
third nozzle prevents liquid that has adhered to and
ascdhdddcarnirtg fitseedgeond edge from descendi ng down
towards the incomng first edge. 16. An apparatus as
clainmed in claim 10 wherein the liquid renover

c %PAhsag?;tagaﬁ% R§ Elagrrﬁggtiﬁ (éla:iﬁl fd‘@vhfefég#{‘?he lifGidtdRbyer

engagi n e secon ge at a circunferential position
on thgnpAsHwesganotinfedio hiiffane theatipepehgagingtike ng
on an arc between the liquid being carried bg t he ~
condisicondedga apeicircuntfersntiabpesiting orethietsaceitd edge, the
second G%glige, . s . P
circumferéntial position being on an arc between the liquid being
carried by the conduit and a point at or near the zenith of the second
edge,
wherein in use the wiper prevents liquid that has adhered to
and ascended with the second edge from descending down towards

the incoming first edge.

17. An apparatus as claimed in claim 16 wherein the wiper comprises a

rotating brush.

18. An apparatus as claimed in claim 10 wherein the liquid remover
comprises a partial vacuum inducing assembly mounted at a
circumferential position on the second edge, the circumferential
position being on an arc between the liquid being carried by the

conduit and a point at or near the zenith of the second edge.

and a second gas nozzl e nmount ed t B8CTA®2006/000474
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wherein in use the wiper prevents liquid that has
adhered to and ascended with the second edge from

wdesangiing down towards the incomng first edger/Al2006/000474

An apparatus as clainmed in claim 16 wherein the w per
conprises a rotating brush. 18. An apparatus as
clainmed in claim 10 wherein the liquid renover
conprises a partial vacuunil9nduci ng assenbly nounted
at a circunferenti al position on the second edge, the

oid, %lﬂ]g SakiAds c@%ﬁ?%é %ﬁ'ﬁ 10 vPhereth HeCarkRINE&IE e

I'iqui d I'ng carr conduit and a point —at or
neabubi’cﬁnﬁ@lmytﬂuﬁxﬂnéeﬂemshxpmd edge. 19. An apparatus as
claimed in clalm210 wherein the annul ar cage is
substantially cyl | ndrical in shape 20 An appar at us
claimed in cI ere ortion.

1 aBRa s 43 SRR e Ry 1D e e B RORer A
app I [ q)t'VOéJ gonduit while the
conggﬁ}tp%seggr%lfég \fﬁ%gggrafrﬂr%%?%g [ qw d, the apparatus
conprising: a cylindrical franme in use having a crown
portion and a base portion;, a plurality of
s2ibsimappataltys ﬁmrlaung anspm@grcmmir ¢onchiit wihilethe genduit is
around and supported by Lh?e dri cal .f.rame, the
rol [ FETVER FATRYNG hidwe, ¢ PP RSO uNd a

hel i cal pat
haV| ng a azcgﬁlr}\é'ﬁ%gl hjég‘}er glp %?ﬁ&ﬁﬁrp ({TPEP% %Eri{)hu%&tlsg
to tibhame at a position ci rcum‘ erentially about

haI way between the crown portion and the
a plurality of substantially parallel spaced apart rollers disposed

around and supported by the cylindrical frame, the rollers forming a
guide to guide a strip around a helical path when the machine is in use,
the path having a zenith;

a pair of strip pinch rollers mounted to the frame at a position
circumferentially about halfway between the crown portion and the
base portion;

a primary drive assembly mounted to the frame and operably
connected to the pinch rollers for driving the strip downwards into the
helical path in a winding direction so as to present an incoming first
edge to an adjacent second edge of a wound convolution of the strip;

a liquid remover mounted to the frame, the liquid remover
arranged to prevent liquid that has adhered to and ascended with the
second edge from descending down towards the incoming first edge;
and

an extruder mounted to the frame, the extruder having a nozzle
in use extruding a molten bead of plastic onto the strip at a position

just before said overlap.



base portion; a primary drive assenbly nounted to the
frame and operably connected to the pinch rollers for
wdnoosimgpithe strip downwards into the helical parau2me®00474

wi ndi ng direction so as to present an incomng first
edge to an adj acent second edge of a wound convol ution
of the strip; a liquid renover nounted to the frane,
the liquid renover arranged0to prevent |iquid that has
adhered to and ascended wth the second edge from

T
B e e i e Sl
a neERletshdnbEemMintedlidithedrarnk} the sheattiaaf drivesadsembly
onto the strip at a position just before said
oveprapid2ey additmmeh daiving terquk 4 faipTimasy sirpeassembly,

o the f pameein the acE Bt thes GeCaETS s VO S
ddi t i | ; drq vi .0 th [ dri
gssé’ﬁ%&@&%@?ﬁ%ﬁﬂeﬁg&% s{ni%éna;3 8:: 3?% t[)lr\cgﬁe al | ows

the pipe to be produced in |longer lengths in situ.



