"Apparatus for and Method of Lining Passageways"” Field of the Invention 16
NOVEMBER 2004 This invention relates to an apparatus for, and a nethod of,
lining ducts and other passageways. 5 The invention has peen_ devi sed
particularly, although not solely, for internally lining Q‘NENEMBW 2004
passageways such as water and gas pipes, ahd sewer and drai nage pipelines.
The invention nay be used to fine existing pipelines and ot her passageways

as either gﬂ%@%’e&: . re the existing pipelines have
deteri orat ed; f8F ahfl e Sl S t he boundary surface
of the pipeline or other passageway to reduce resistance to fluid flow
t her eal ong .p; p@bﬁwgm,}éﬁﬁ&me i nvention may be used to fine existing
pi pel i nes and ot her passageways in order to extend the service life
thereof. Simlarly, the invention nmay be used to fine new pipelines and
ot her passagfyg I.horder rovide |longevity in terns of service 15
life. Backgr oun)@/érrﬁloﬁlﬂg%ﬁ%%g%gn AREARH? E‘% PR AMgthod, giipsgsdysts endrasker
whi ch have lesssagestgsl ed for nany years and which have deteriorated to an
extent that renmedial action is required in order to maintain the
effectiveness of the pipeline or to avoid | eakage, 20 This is particularly
so for mfi cCilgalinigntibash s Gebhed&nyad \Harth b ik sewer s, and-
wat er nmai ns., There have been vari ous \[?roposarlrp)g é]gi gr ﬁ%‘f%g%éfffenﬁémeﬂa%rk
on such pi pBiNh&kid flaw passapewrisalslChgas iwater sexct ganspipsst Bedi BEREF Ghd
wal I's of theRi ig;s}x;‘:ﬁ- ..and spraying coating materials on the interior
wal | s. 25 Oné ISEQ% 2 rnteg. line existing pipelines is disclosed in LS Patent
4,687,677 (Jonasson). The proposal involves introduction of a flexible
hose- shaped {Hagler 004 cont.ai ning. a curable plastic materi al
into the pi pg: i nge?lgor%gn%ﬂl nfgmggﬁh@ ’? Ee?f"ﬁﬁ"ég IR‘W\%‘PES and other passageways as
either a remedial action in cases where the existing pipelines have deteriorated,

10 or to enhance the characteristics of the beundary surface of the pipeline or other
passageway o reduce resistance to fluid flow therealong. Additionaliy, the
invention may be used to line existing pipelines and other passageways in order
o extend the service life thereof. Similarly, the invention may ke used to line new

pipelines and other passageways in order to provide fongevity in terms of service
15 life.

Background Art

Throughout the world, there are numerous pipelines which have been installed for
many years and which have deteriorated to an extent that remedial action s
required in order to maintain the effectiveness of the pipeling or to avoid leakage.

20 This is particularly so for municipal infrastructure involving pipe networks such as
sewers and water mains.

There have been various proposals for performing remedial work on such
pipelines, including instailing liner sections on the interior walls of the pipelines
and spraying coating materials on the interior walls.

25 One proposal to line existing pipelines is disclosed in US Patent 4,687,677

(Jonasson). The proposal invoives introduction of 3 flexible hose-shaped liner




I's introduced into the pipeline in an uncured state and is pressed out
agai nst the inside of the pipeline by neans of conpressed air. The

flexible Iiner is then hardened in place by exposing th
material to radiation energy. A 5 sonewhat,simlar pr opos Hbﬁ%ﬁ@@hﬁ@f in
WO 92116784 (Lundnark). In this latter %posal t he hose-shaped liner is

I ntroduced into the Bel I ne b ei t her dravm ng in the liner or by everting
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I nvention has been devel oped. 15 D sclosure of nven res
i nventi on prisoPeRa. thenkesesharred ilrrﬁrngIrttrcaiucﬂdemhodhesmélmebpém@er qrassragenay

conprising t £linst §PS 835”"@%&ﬁhggwﬁgﬁﬁe@'}?g'le liner for the interior

surface of thé passagevay. ifistalling the liner on the
Interior surface of the passageway or on a substrate applied to the
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the i nney, surface, of the Bassageway or onto a subs
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met hyl net hac ate r} certain:applications it may desirab
provide theP MHBEW BH04 -3 resin as a foam This may be achieved by

aerating the resin, such as by

Itis against this background that the present invention has been developed.

1% Disclosure of the Inventinng

The present invention prnvi::fes a method of lining the interior surface of a
passageway comprising the; steps of. providing a flexible liner for the interior
surface of the passageway, Eand progressively installing the liner on the interior

surface of the passageway c:;r on a substrate applied to the interior surface of the
20 passageway by bonding it thereto.
The liner is preferably instaileied onto the interior surface of the passageway or the
substrate by being adhesively bonded thereto.
|
i
The liner may be honded tb the inner surface of the passageway, or onto a
substrate applied to the inner surface of the passageway, using a substance
25 which hardens and which toi;ether with the liner forms a rigid structure. In this
way, the liner and the substahce together form a composite material which forms
the rigid structure. Such a substance may comprise an acrylic resin such as

methyl methacrylate. In cermin applications it may be desirable to provide the




mechani cal aeration neans or by incorporating an aerating substance in the
foam The liner may conprise a structural textile fabric such as woven

fibreglass fabric. 5 The textile fabric may have a Smoﬁm%%%f]%e

face thereof to present a snooth surface gs t he boundary I'ed
passageway. Alternatively, the |liner may“conprise a plurality of |ayers.

The | ayers may be bonded one to another prior to installation of the |iner
or they mayr®ensas Foferm. aslharmanibea wehigvedeby i araling dbrofesht o8¥as asiby| n
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| ongi t udi nalomefiges thereof adapted to be joined one to another to formthe
liner. Accordingly, the nmethod may further conprise delivering said at

| east two | ongitudinal sections of flexible material into the passageway
and assenbl iThe Igeiranay chepsite tawstrudtbrd! omgile fabirinduceat mevendibrbdliass Shisric,
material to_formthe_ liner. In another arrangenent, the |iner may

b
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step of delivering an inflation fluid into the region of the passageway in
which the flexible Iiner has been installed to press the 25 liner into
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conpr 1 se. o IareRL3aPR 6 B janed Do Mapthp okt (P it AESHEINGR) the
method may further comprise delivering said at least two longitudinal sections of
flexible material into the passageway and assembling said at least two

15 longitudinal sections of flexible material to form the liner.

In ancther arrangement, the iiner may be delivered to the passageway in the form
of a flexible tube structure. 'Where the liner comprises a plurality of {ayers, the

layers may he pasitioned one about another to form the tube structure.

Where the liner is installed iby an adhesive bonding process, the method may

20 further comprise the step of applying an adhesive substance to the interior surface
|

of the passageway or any supstrate thereon and pressing the liner into position for

adhesive bonding thereto.

i
The method may further c:cm;mprise the step of delivering an inflation fluid into the
region of the passageway in which the flexible liner has been installed to press the

25 liner into intimate contact with the internal surface or any substrate applied
thereto. Typically, the inflatioh fluid comprises air but it may be in the form of any

other suitable fluid, either liqyid or gas or indeed a combination of liquid and gas.




I nternal surface of the passageway prior to installation of the finer. The
nmet hod may further conprise the step of applying the substrate to the

internal surface of the passageway prior to installati Og@&f@%‘gﬁ'dﬁi%ﬂﬁ

The liner may have a circunferential size marginally |ar

circunferential size of the surface onto"Which it is to be applied. In such
circunstances, the nmethod nmay further conprise form ng one or nore

| ongi t udi nallhg svhsdide wgay wekprise ahming meaterial sveferast eonwgis @pplied to the

ci rcunferentj | | Vi i ' the surface to
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t hereof adapted t e _1oin Q t th c r
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I nternational Patent Application PCT/AU01/ 00386, the contents of both 15 of
whi ch are incorporated herein by way of reference. The | ongitudi nal edges
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| i ner upon curing of the resin. The adhesive resin may be applied onto the
flexible liner or onto the surface to 25 which the liner is to be bonded
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Applicant's tnternational Patent Application PCT/AU01/00386, the contents of hoth
15 of which are incorporated herein by way of reference. The longitudinal edges may

be joined in overlapping relationship.

The present invention alse provides a method of installing a rigid liner on the
interior surface of a passageway comprising the steps of: providing a flexible liner
comprising a structural textile fabric such as woven fibreglass fabric, applying an
20 adhesive resin to the flexible liner, and progressively installing the fiexible liner on
the inner surface of the passageway or on a substrate applied to the interior
surface of the passageway, whereby the textile fabric and the resin provide a

composite material which forms the rigid liner upon curing of the resin.

The adhesive resin may be applied onte the flexible liner or onto the surface to

25  which the lingr is 10 be bonded or both onto the liner and ontc said surface.

The present invention also provides apparatus for lining the internal surface of a
passageway comprising a body adapted to be progressively moved along the

passageway for installing a flexible liner onio the interior surface of the



progressively install the liner onto the inner face or any substrate
positioned Thereon as it noves through the passageway The body nmay

i ncorporate a guide structure about which the I'iner can tg E royi de
an inner liner portion and an outer |iner_portion tur ned%%ggw Fl?ggé@ct
to the inner liner portion. Preferably,” Phe gui de surface is configured to

facilitate sgreadl ng of the outer liner portion in a manner which
precl udes t R&s %ﬁ’f‘ﬁ%’ﬁ dH &0Yi eHbfiAler Popled stheretas ther bady ebaviogeavensana
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with at |east ™ one o he boun ari es being afcua

the two bouifgxedreasdrraoves tmubgmmﬁpaﬂ;dagemwa Iength The equal ity of
| ength of the two boundaries may be achi eved by one of the boundaries
bei ng of sinusoidal profile and the guide surface having a further 15
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| ongi t udi naiheqﬁﬁé,l RS pitidh exi ble  material over the guide surface. The
gui de surface may be defined by a guide ring having an outer circunference
20 defining one of the boundaries and an inner circunference defining the
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the body h i ivering an adhesi ve substance for
adhesi vel yq% (J%fgérkﬁg% gﬂ%?q ﬁto the internal surface of the passagevvay or
onto any substrate appli ed thereto, -6 16 NOVEMBER 2004 Where the flexible
l'iner isgnya m at | east ongi tudi nal sections of flexible
mat o | a1° halihg UG s ey Sl Beivsaoprehang aasond bunyiorreavionat lsos

one of the boundaries being arcuate, characterised in that the two boundaries are

of substantially equal length.

The equality of length of the two houndaries may be achieved by one of the
boundaries being of sinusoidal profile and the guide surface having a further

15 sinusoidal profile between the two boundaries, the two sinusoidal profiles being
out of phase such that the troughs on each profile are aligned with the crests on
the other profile in the direction of movement of the longitudinal sections of flexible
material over the guide surface,

The guide surface may be defined by a guide ring having an outer sircumference

20 defining one of the boundaries and an inner circumference defining the other of
the boundaries. In such an arrangement, the inner circumference is the boundary
which is of sinusoidal profile. Additionally, the further sinusoidal profile ts provided
at one axial end of the ring.

Preferabiy, the body has provision for delivering an adhesive substance for
23 adhesively bonding the liner ento the internal surface of the passageway or onto
any substrate applied thereto.




anot her, the body may have provision for such assenbly. The various
| ongi tudi nal sections of flexible material which are assenbled to formthe

liner 5 may be joi ned together at adjacent |ongitudinal ﬁf h‘rla:.g?
connector neans conprising a first connegtor elenent in ﬂ@i{%‘% 2g\‘:}‘%ral e
el ement and a second connector elenent Tn'the formof a femal e el enent.
The arrangenent is such that the male connector el enent of each
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progressively delivered to the body al ong delivery path froma station

where a supdirgnggd dercangagermeal with thedesthle oppnealor yelemenbif a peighhouriing
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In another arrangement, the connector means may be adapted to join adjacent

longitudinal edges of the longitudinal sections of flexible material in overtapping

relationship,

Where the liner is assembled from longitudinal sections of flexible material, such
20 longitudinal sections may be progressively delivered to the body along a delivery
path from a station where a supply of such material is stored, typically in roll form.
The fongitudinal sections of flexible material may progressively unroll from the

storage roll as the body moves along the passageway.

Where the liner comprises a tube sfructure, the latter may be progressively
25 delivered to the body in a collapsed condition along a delivery path from a station
where the tube structure is stored, typically in rofl form. The tube struciure may
progressively unroll from the storage roll as the body moves along the

passageway.

The body may incorporate means for applying pressure to the liner during

30 installation thereof on the internal surface of the passageway or any substrate




t hereon. Such nmeans may conprise a pressure surface for engaging the |iner
to wurge the latter into position. The pressure surface nay be defined by a

flexible wall the interior face of which is subjected to e
{eupViBRR 70

for pressing the flexible wall into contact with the |

Description of the Drawi ngs The i nventioh-will be better understood by
reference to the foll ow ng description of several specific enbodi nents
t her eof astr'@lmvm auchhﬂeammwﬂn@pajama@ymarurfa\mmfohengagugeth& lingr &0
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Figure 3 is a fragnentary view of the side wall of the pipeline

i | Tustratiwgll{me contasswithdeetineh; 15 Figure 4 is a schematic view of an
instal lation head form ng part of the apparatus according to the

enbodi nent ; ure 5 is a fragmentary view of part of the installation head
illustrati Bglet scaptigmgehthe DrawingSsenbl i ng | ongi t udi nal sections of
flexible material to formthe liner; 20 Figure 6 is a schematic end view
of part of the installation head; Figure 7 is a side view of that part of

t he instal The ||mt$rwtieadwlf bﬁdmﬁeamdera’ﬁomtbgme@r@ica:i@bee‘c}&:wglgai%@ﬁehﬁm s:-t

vi ew of acarrl ucture f rtin unbi Li cal s | eadi
natal | at 1 SavarRCeedts R re s B4BE o S 8 e Sl P ioss
carriage swhw;ﬁt,ure of Figure 8, Figure 10 is a schematic side view of an

installation head of apparatus according to a second enbodi nent; Figure 11
is a schematic view of the installation head of Figure 10 show ng

Figure 1 is a schematic view of apparatus according to a first embodiment

10 installing a liner on the interior surface of a pipeling;

Figure 2 is a schematic cross-sectional view of the pipeline with the finer

installed therein:

Figure 3 is a fragmentary view of the side wall of the pipeline illustrating the

liner position:

15 Figure 4 is a schematic view of an installation head forming part of the

apparatus according to the embodiment;

Figure 5 is a fragmentary view of pan of the installztion head illustrating the
arrangement for assembling longitudinal sections of flexible material to

farm the liner;
20 Figure 8 is a schematic end view of part of the installation head;

Figure 7 is a side view of that part of the installation head illustrated in

Figure &;

Figure 8 is a schematic wview of a carriage structure for supporting

umbilicats leading to the installation head;




5 sonme internal workings thereof; Figure 12 is a schematic view of an
installation head of apparatus according to a third enbodi nent; Figure 13

is a schematic cross-sectional view of a pipeline with & Igpnafﬁmat?%ﬁ'%#%ed

therein, the liner incorporating a tuck accomobdating a—¢ ure
14 is a fragnentary view of the arrange‘n%nt shown in Figure 13; Figure 15
is a fragnentary schematic view of apparatus according to a fourth

enbodi nent i nst higure§ is ahienst view afike car@geastrustvefdigered pi pel i ne,
showing in particular the manner of delivery of the liner into the
pipeline; Figure 16 is a fragnentary viewillustrating a fluid seal

mechani sm used Fighréi tthisaapsassuate sidenbiew ph anhiastabeban msed of appg@tes 15;

Figure 17 is a schemati.c view of a rat ys according to a fifth enbodi nent
instal ling a |iAEFOBING RS ?%?%%fpggﬁm%{ﬂe of a pipeline; Figures 18 to 21

illustrate various steps in a procedure for connecting a lateral to a

pi pel i ne which phas been |ined using ap atu cordin . t he ,
Pventon: Fi guF BLS g @ T R Sy 9 taa R et AbPIoht 10RRNG head
of appagatus agg@edhRIndlnstkiigsttheigpodi ment, illustrating the arrangenent
for assenbling longitudinal séctions of flexible material to formthe

liner; -9 16 NOVEMBER 2004 Figure 23 is a schematic end view of the

i nstal lation h_eﬁ%u% RPPA &t UBhemBHT ALAY dFoaR melAtitn eﬁ@@ﬂlcﬁl’e%g'ga!:atgslre
24 is a side view of the installation head of Figure 23; Figure is a
per spective vi eacedrdngggi athind ergbsdimertur e enpl oyed in the apparatus
according to the seventh enbodinent; Figure 26 is a further perspective
view of the guide ring structure; Figure 27 is a front elevational view of
the guide ring Bigwetld é a Fehpmetie@ross-sediotal alaw £f i papelineewitbf a tliner

gui de 1119, St UG ELANE S18SnbPirdoRsISIRY hutk SULdhhRLEAL LSRR

geonetri cal

10 Figure 14 is a fragmentary view of the arrangement shown in Figure 13;

Figure 15 is a fragmentary schematic view of apparatus according to a
fourth embodiment installing a liner on the internal surface of a pipefine,

showing in particular the manner of delivery of the liner into the pipeline;

Figure 16 is a fragmentary view illustrating a fluid seal mechanism usad

15 with a pressure chamber in the embodiment of Figure 15;

Figure 17 is a schematic view of apparatus according to a fifth embodiment

installing a finer on the internal surface of a pipeling;

Figures 18 to 21 illustrate various steps in a procedure for connecting a
lateral to a pipetine which has been lined using apparatus according to the

20 invention:

Figure 22 is a fragmentary view of part of the installation head of apparatus
according to a sixth embodiment, illustrating the arrangement for

assembling longitudinal sections of flexible material to form the liner;




10 of the ring structure; Figure 30 is a schematic view of a further form
of connector neans for joining adjacent edges of |ongitudi nal sections of
flexible material together to forman assenbled liner; Figure 31 is a

schematic view of a still further formof connector meadfsM WMBgH 200D is
a detail view of the connector means shohn in Figure 3 1; Figure 33 is a
viewillustrating two |iners positioned one about the ot her to define a

gap t her ebet weehiOtlle 23cisi @ schicsuiticabhe i if dheeinsiatihtias hesdnef appafals

form ng a pipe;, &'?8&*5? 3% é‘?’f,‘%@*iég@"ﬁ“ c view of an installation head

forming part of perih PH&Maccording to a further enbodinent:;
Figure 35 is a detalled view of part of the apparatus shown in Figure 34,

15 NOVEMBER 20 36 | sche cross sectional view of a
pi peline with gﬁ@"'?el??n's dge \ﬂ@ful‘??ltﬁ% fiidguienddei n; Figure 37

is a cross-sectional view of another p| pellne with a further formof
i I ni 38.is a cross-sectional view

| lLed th
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thereing and Figppy2afd@ ac@ga;“dg %ﬁé%nﬂﬁ‘éhb\ﬂdﬁﬂéﬁf a pipeline showing a
pi pelining apparatus located therein installing a’still further pipelining

systemw thin the pipeline; 10 Figure 40 is a schematic view of part of an

appar at us accormyme 2®isda fdﬁﬁéi‘?{:er?ﬁ(‘igﬁgg'ﬁﬁﬁ'bf l‘f%%mh? gplglétplﬁgu terior

surface of a pipeline; Figure S aviewsim 0O with the
exception that the pipeline is not shown; Figure 42 is a schematic

fragmentary vi q""igur’e]}.“ﬂsraa?rbﬁﬂelbbﬁtb dep%fewe ‘fpl%Séfl}lﬂé)PingJS'?_I %{}Féhe interior

surface of a pipeline, the I1ner belng ayers 43 is a
schematic view illustrating the |iner |n an inflated condition in

Figure 28 is a side elevational view of the guide ring structure;

Figure 29 is a schematic view illustrating some geometrical characteristics
10 of the ring structure;

Figure 30 is a schematic view of a further form of connector means for
jeining adjacent edges of {ongitudinal sections of flexible material together
to farm an assambled iiner;

Figure 31 is a schematic view of a still further form of connector means;

15 Figure 32 is & detail view of the connector means shown in Figure 31:
Figure 33 is & view illustrating two liners positioned one about the other to
define a gap therebetween to receive a suitable substance such as

concrete for forming a pipe;

Figure 34 is a schematic view of an installation head forming part of

20 pipelining apparatus according to a further embodiment:

Figure 35 is a detailed view of part of the apparatus shown in Figure 34;




the pipeline; Figure 44 is a schematic view illustrating the path foll owed
by the liner during the installation process; 20 Figure 45 is an end view

of a guide ring structure farmng part of the apparat i
enbodi nent: Figure 46 is an end view of a retaining stﬁ%c@br\}ghﬂggﬁamq{b in
association wth the guide ring structdfe; 16 NOVEMBER 2004 -11 Fi gure 47

is aviewsimlar to Figure 46 with the exception that the retaining
structure is al Bigughdfins & schemalisrasasepectitngl vievast & pipelisedutiy pagyform of

illustrating th i [l Luct nd the retaining structure in
i nterl ocking enﬁﬁgﬁfﬁ'ﬁﬁﬁ?ﬁﬁgﬁﬁ%ﬁ%&%gmﬁ”'si de view of a guide ring structure
and a corresponding retaining structure in the installation head of

apparatus accordin a still further enmbodipent.. and Fiqure 50, s a
crbos-sect | onal F Otk 0iE Btibeaiina et &t i PE LB RGr biF TR Bre
gui de ring strushBifingR¢stehe ifsbiiRidthegeigt ructure. 10 Best Mde(s) for
Carrying Qut the Invention Referring nowto Figures 1 to 9 of the

acconpanyi ng drawi ngs, there is shown apparatus 10 for installing a |iner

11 ontosthe integips 38Ukl RerskSiioAablir bna difelinelWah! dteindihePtaui 8es a
hernmetically seal'ed barrier that is resistant to both corrosion and wear.

15 In this enbodpR#mnNy sydlem inaleditherappld ed to a substrate 17 in the
formof an internediate lining 19 of cenent applied to the interior
surface 13 of the pipeline 15. The substrate 17 is applied to the interior
surface 13 of thigup g8l ime icrossesastionaharay tafeai pipelimalshoudficice Hipdinieen

the liner 11 200t ibE ikt g SRl Pty spgf e
interior of thethgipgélimde 13 is gained through a first access port 21 and a
second access port 22, the two

10 Figure 40 is a schematic view of part of an apparatus according to a further

embeodiment for lining the interior surface of a pipeline;

Figure 41 is a view similar to Figure 40 with the exception that the pipeline

is not shown;

Figure 42 is a schematic fragmentary view illustrating the finer in position

15 on the interior surface of a pipeline, the liner being in two layers;

Figure 43 is a schematic view illustrating the liner in an inflated condition in

the pipeline,

Figure 44 is a schematic view illustrating the path followed by the liner

during the instaliation process;

20 Figure 45 is an end view of a guide ring structure forming part of the

apparatus of this embodiment;

Figure 45 is an end view of a retaining structure operating in association

with the guide ring structure;




access ports being spaced apart along the pipeline, with the section 15a of
pi peline 15 being lined being di sposed between the two access ports 21, 22.

The apparatus 10 conprises a body 23 which is nounted f
which 25 includes an installation head 25. The body 2% @gé}c@%?g?%@@‘ﬂe

progressively noved al ong the section 19d -of the pi peline 15 to
progressively install the liner 11. 16 NOVEMBER 2004 -12 In this
embodi nent, t heFigudy 4235 iasvientaimdar too-igerepd® Malh ﬂﬁﬁr&ﬁ@gnt@n&%tb@rﬂﬁ@'w a

tow | ine 24 exte d|n station 26 |ocated exteriorly
of the pipeli nﬁp%ﬁ’ S?ﬁggggg'g%dagg%:eea@rpert 22. The liner 11 conprises

a plurality of Iongltudl nal sections 27 of flexible material, 5 there

bei ng four such_sectiogns in t.his enb xi:hl e ﬁ‘ﬁft

cloth conpri si ng'ﬂ“’ir%r‘ggl'ﬁsg $19Br Y'EWW ﬁﬁ‘@??gn % gy orrfgbf ace t Léeraéenoc# &ih

| i ni ng being toreth%g Qﬁ-@ﬁ[_lﬂ;’ mqf-.tgﬂa}@kmgmelgarggn@mosed when the l'iner i s
installed. The liningis selected according to the demands pl aced on the

liner 11 within the pipeline 15. For exanple, where abrasion and wear

resistagce is r ggquréet;ig id téesjdenm@g, BBV BaidEOrih@remetat med )aomng‘aﬁam:lmgn
[

ot her cases, the ning may be formed of polyester ( Mla nyl o
ur et hane rubber refainindatrusiure ibthe mﬁ@?ﬁ’fléﬂﬁeﬁﬁ’eﬂi fplegrats ﬁ%c%{ém ¢ om

the four |ongitudinal se with the |Iongitudinal edges of the
| ongi t udi nal ELE "B%ﬁ{‘é”%ggaé}ed to be joined one to another to form

the |liner by connect or rreans 29. Each connector nmeans 29 15 conprises a

first connector _el ene he for e e

connect or el enefiSY"R ﬁé‘c‘ %F?ﬂséfseé; Fgﬁabgﬁg‘:ﬁ{}g %1@ ”&?‘Jragﬁge%eﬁ &%goguch
that the male glapEdd tef Lﬂaéhmb%ﬂjdmélmth&&étdnﬂﬁg%?rutmrarranged for
engagenent with the fe ?e el efrent of the nei ghbouring | ongitudinal

section in the manner of a zipper. The nale and fenmal e el enents are gui ded

i nto zippi Rt MEGEES Ror CArFind ORAGInkentiendescribed. In this way, the
Iongltu naI sectl ons 27 can be zipped together to formthe liner 11, as

best seen in Figures 2 and 3 of the draw ngs. The connector means 29
provides 2 eapirhguft tgrngmég d-thi G 1ROREEHIHARYINGCHNRERYS, NBerald BHown
| ongi t udi nal™ sect’i ons
apparatus 10 for installing a liner 11 onto the interior surface 13 of a pipeline 15.
The liner 11 provides a hermetically sealed barrier that is resistant to both

corrosion and wear.

15 |n this embodiment, the liner 11 is applied to a substrate 17 in the form of an
intermediate lining 19 of cement applied to the interior surface 13 of the pipeline
15. The substrate 17 is applied to the interior surface 13 of the pipeline in cases
where the internal surface has been significantly degraded and requires

refurbishment prior to installation of the liner 11.

20 As seen in Figure 1 of the drawings, access to the interior of the pipeline 13 is
gained through a first access port 21 and a second access port 22, the two
access ports being spaced apart along the pipeline, with the section 15a of

pipeline 15 being lined being disposed between the two access ports 21, 22,

The apparatus 10 comprises a body 23 which is mounted on rollers 28 and which
25 includes an installation head 25 The body 23 is adapted to be progressively

moved alang the section 15a of the pipeline 15 {o progressively install the liner 11.




The | ongi tudi nal sections 27 of flexible material are stored in roll form
inrolls 33 at 25 a station 35 | ocated exteriorly of the pipeline 15

adj acent the first access port 31. One end 27a of each | ' ' tion
27 sealingly attached to the interior surface 13 of tﬂéo'g%}é%@%%&@‘f t he
| ocati on where the |ining operation i s~f!6 - commence, which in this case is

adj acent the first access port 21 As the body 23 advances al ong the
pi pel i ne 18 mmgnmndrm%mieth&)bad? 8a imadapieghothrepelrd traugh D pPsHBR PYtD t he

NoveveR Z0h 09 34 resEing Bt 8O0, A el mA ! o8 BerberplelbAB i 1

various | Oﬁgbtm@hﬂﬁicenﬁﬁ-@gg@ﬁﬁd%&céﬁgp@ﬁﬂﬂfﬂ ed | n a fashion simlar to the
arrangenent disclosed in the aforementioned patent applications (where

| ongi tudi nal sections of flexible material are assenbled to forma
shroud) . 5Tﬂé‘¢inlepﬁg'édfﬂgﬂ'@és 5 9biafifiSoRibnaitl@ingl §&&mnshEr 0o fesib®S nidiepaigh

the first access port al on%Et hat part of the pipeline section 15a

whi ch hés tb@embﬁlr’mef@uwuﬂhéecwm s ameogisgnt2d herwtﬁerrawéélahﬁgan:@&
truct 4 4
sectt ons. 29 nEAERE A BGS HBE QA SinirGlof 6, e Weloef HENBESHNY o

structure the trossovf des q:npelm&aeexbmm wiart ithon Irﬁ@r andnstalldd oﬁherhmngmﬁ
ortion 45. The outer |iner ion 45 is . tur esp

Cnner I ne$‘3|56‘ieﬁjl Seoading 1a B AN IS, BPERY o BT LW EINe P Peling ﬁée 13

of the P8I b%nfai% uﬁ’iér@raﬁrgsféﬂrﬁlﬁﬁﬁeﬁg rééﬂ@taﬁeéq@ éénaHﬁ YhE Ity H’é@ be

Iongltudlna secti ons are zi pped together to | I ner
r espect Dv efamsed aﬁlpblﬁfprrmjylanael Enotites t@ﬁeshtha h:rmggtmay & foseedi @’nFSmEE’Sfar e

ded int f | i der 47.
&ii de. meantAbt ARl TERETOBbot br dner s MaBa Y s "2 o pr ovi ded 1o
gui de the respective male and fermal e el enents to the slider 47. The mal e

d f I I f the | t udi i tabl
o “macTe T 34ChoeSal B b e, 355k M e eslnd! a7l e '
Internati Ogﬁbﬁﬁ’&hsn& H?r?é o :tﬁgﬂaﬁh@éf&%?’@éngtéh%p‘?éﬁ”t@'&bﬁuﬁfedwﬁﬁé’Eb are

i ncor por at ereln ference.
ancther to form the Imer by connector means 29 Each connector means 29

16 comprises a first connector element in the form of a male connector and a second
connector element in the form of a female element. The arrangement is such that
the male element of each longitudinal section 27 is arranged for engagement with
the fermale element of the neighbouring longitudinal section in the manner of a
zipper. The male and female elemenis are guided into zipping engagement in a

20 manner to be described. In this way, the longitudinal sections 27 can be zipped

together to form the liner 11, as best seen in Figures 2 and 3 of the drawings.

The connector means 29 provides a continuous and fluid-tight connection

between the various longitudinal sections 27.

The longitudinal sections 27 of flexible material are stored in roll form in rolls 33 at
25 a station 35 located exteriorly of the pipeline 15 adjacent the first access port 31.
One end 27a of each longitudinal section 27 sealingly attached to the interior
surface 13 of the pipeline 15 at the location where the lining operation is to
commence, which in this case is adjacent the first access port 21. As the body 23

advances along the pipeline 15 away from the location at which the end 27a is

30 bonded to the pipeling, lengths of the various longitudinal saections 27 are drawn




The installation head 25 in this enbodi nent incorporates a first applicator
nmeans 51 for applying a | ayer of concrete to the interior surface 13 of

the pipeline 15 to provide the substrate 17 25 The |ns1t‘?§hhm§ Eﬁg@%S
al so incorporates a second applicator neans 52 for applVyil g e
subst ance such as resin to the inner fade-of the substrate 17 for bondi ng

the liner 11 thereto. The installation head 25 includes a | eading spreader
menber 53, inkh thantrépatindi and asspmbitk (o hembdhe SHer did dher wanidusglagitodiner

A g o S PR s G I R G R
whi ch conpafosssentiomsd epatann Ubgilicatiome afvendré  @gtuamal neettichznwfafleriidr ane
63 The two nepbranes 61, 63 are circunferentially spaced with respect to

each ot herMgierplareassempledipdere Ratserds 65 t her ebet ween. Cross | i nked
cables 69 (as shown in Figure 4) are associated wth the bl adder structure
59 to allow the installation head 25 to articulate for passing around

bends afd Ea® HNGSUFING! BECMseR! Rtans Tamihpriols A0Braush thetligt AecPssPOTt he
struct ur e o B Boh. 81 LR bt 18 BLRIMETeeRELTIAl SnkR 5L 2RHR MEIRRR he

I nternmedi ate 0 sprea menber and the trailing spreader
The traililbgdypEadddre sodw2E unsorpOratesvprgiies skochoud dr comprisang geideeroiléds and

an i nner apnul ar er, no; hown) ..in aced apar el ati onshi o define
2 annul ar S RERHENET Her BBHHRER S5t 838 2 REBeSbRb §1er FoRR Ean it igicEh t ho
i nter medi ajens Br@aHtLine ggre& rudlb Wﬁct;ﬁr%kr de'8n ﬁﬁﬁ&gﬂﬁe’r OFHBR 4D Ang 1an The

first applicator neans conpri ses the conbi nation t he | eadl ng spreader
menber 183, ostire inet pontrediddt eltspeateddnempathien £bisdnhedieadhesdh mes s ch dol Ere

structure 59 extending therebetween. Sinmlarl t he second applicat means
52" conpr 1 <B0F IPECRBTARE RS MeSveR ey Tty B B BftesE phlnd
trailing sppemsensmameto dn@@ing e gli@etdtRichirad 1 hex|dgrulinaddesticHsract ure
70 extendi ng therebetween. . _
are Zipped together to form the liner 11. The respective male and female
elements of the longitudinal sections 27 are guided into gripping engagement with
15 each other by way of a slider 47, Guide means (not shown) such as further guide
roliers are pravided to guide the respective male and female elements to the slider

47,

The male and female elements of the longitudinal sections 27 may be of any
suitable form, such as for example a connector assembly as disclosed in
20 International Patent Application PCT/AUQ1/00386, the contents of which are

incorperated herein by way of reference.

The instaltation head 25 in this embodiment incorporates a first applicator means
31 for applying a layer of concrete to the interior surface 13 of the pipeline 15 to
provide the substrate 17.

25 The installation head 25 also incorporates a second applicater means 52 for
applying an adhesive substance such as resin to the inner face of the substrate

17 for bonding the liner 11 thereto.

The installation head 25 includes a leading spreader member 53, an intermediate

spreader member 55, and a fraiting spreader member 57,




The | eadi ng spreader nenber 53 carries a | eading w per seal 81, the
I ntermedi ate spreader nenber 55 carries an internediate w per seal 83 and

the trailing spreader nenber 57 carries a trailing w per best
illustrated in Figure 4 of the drawi ngs. 25 A hol ding 1@@%“5%‘3 2594
defined around the |eading bl adder strodffure 59 between the |eading and

intermediate wiper seals 81: 83. Simlarly, a trailing holding chamber 93
i s defi nedThe dearting wadt ndgrmatiatel spdeader semlsrarss, 5 bt neensatad together

| aai ng. harhegeh Middtd SRRl SRS oniRises L oUEh ANy VBT MemRne
appl yi ng téed i ah el ahpulal Nirkehistaneesent T8et @wbhendrib@ineqr s3ur facaral3 of

the pipeline 15 to formthe substrate 17 as the body 23 advances al ong the
pi pel i ne. gfamMiggmntiady wrgerd ydi resperktaosagh eltichite debnetaruanmdar ahamber

adapt edzt ' i | ' ur f .OE. th i.peline 1 S
the body 230 ieBOREAL cont Ml PaBE 3 it ichiE A8 488

w per sealwli the blhddest smbetdre hoate andivt theninsgplates HazenPhhe anicardterfor
surface 13 of ,theC[)LhEieql'i régqrf%[ illustrative R{ér\go_ses but, in reality, the
seal does REHIHEE Shas ant ceefRiRdhe PiPatng whitsvaaintalping thegntearisy of

i ntermedi aghe W Rekres€al 83 is less than that of the 10 |eading w per seal

81 so as to be spaced fromthe interior surface 13 of the pipeline such
that a gap 95 is defined therebetween. Wth this arrangenent, wet concrete

cont ai ned adt:hin t - [ ' aber I.S ' 0; | nal
surface 17%&‘!{%3 %ietpr)%lﬁﬁﬂe&ggag} %’é@%}ﬁga?ﬁwﬂ tdﬁe blﬁﬁﬁ%éﬁr?ﬂ g%eliﬁ?ﬁ?%‘ggge{anent
| ayer 96 dpreader pyamsubrbys vhd thatteailined spteader peembeab7 83Thd vailingyiglad9ér i s

f t hi ck 1 di to th 95 and i des th
nt or moal SUBKRYR 10 CREICTRRS. S alies BOLGHL RN Tl A A9 iNGer R o

i s 1ess thaarideRinef sh&n) imseacmAiapha ﬁyid@i@,hsﬁigaﬂo SKirkdSh drfiiliar Endripspaced
fromthe inner face of the concrete |layer 96 applied to the interior
surface 13hsfehatieepn péirpaelinked cabiesvidyextensd betweadn threyiniepezdisieatpréddén

conbi nati o ' Lnner face of the |layer 19 of concrete 20 provides a
gap 97 thr é%ﬁfggﬁeé'%ﬂ%géprﬁ%%er&f‘eaﬁ’ﬁég%ve contained within the

15 The first applicator means 51 comprises the combination of the leading spreader
member 33, the intermediate spreader member 55 and the leading bladder

structure 39 extending therebetween.

Similarly, the second applicator means 52 comprises in combination the
intermediate spreader member 55, the trailing spreader member 57 and the

20 ftrailing flexible bladder structure 70 extending therebetween.

The leading spreader member 53 carries a leading wiper seal 81, the intermediate
spreader member 55 carries an intermediate wiper seal 83 and the trailing
spreader member 57 carries a trailing wiper seal 85, as best itlustrated in Figure 4

of the drawings.

25 A holding chamber 91 is defined around the leading bladder structure 59 between

the leading and intermediate wiper seals 81. 83,

Simifarly, a trailing holding chamber 93 is defined around the trailing bladder

structure 70 between the intermediate and trailing wiper seals 83, 85.




trailing holding chanber 93 is applied to the inner face of the concrete
| ayer 96. Cenent is delivered to the |eading holding chanber 91 by way of a

cenent delivery line 101 _ Simlarly, adhesive such as L, ellvered
to the trailing holding chanber 93 by way of a adhesi \}‘ér@@ll\{'?)@?% #(#{Zflo&
25 Venting systens not shown) are associlated with the hol di ng chanbers 91,

93 to allowair to vent therefrom The concrete delivery line 101 and the
adhesi ve déhg Jeadingihriding3chareben8bripordanted torecawe@iiuPpball cemat dee 105

bart 2o TP B fhenetiNediy L8R AoeaBEA da R MRS fidee cPebfifiFeS
105, as ipipaliye 05heformetresfigiratenVissaheiptey Zadvaree|aorig treapipalinm! y

lines and air I|ines- The various lines are wound onto storage rolls 109 as
t he body 23 noves along the pipeline. 5 The | eading bl adder structure 59

i ncor por at Bse mnggs erdeil 81 i ef fidwbleworktruaiviuhad i'addstad ¢o Gdps agamst o
vi brate_concrete eltn.?:\r/ered into the | eading hol di ng__chanber 31 togassi st

inti mat?® dégostenasusiacents @biae aireltwt bo ascthenbedy 8 Baveadaereg®ngr e
i peline. & t ' . i bE.at i 1
P peline ﬁBEré"A &f tl?é‘ﬂ%u@nhg&o,fefﬂaéf \P,e{%irlﬁmﬁﬁé(r Q@@}I‘@Pﬁé‘ilﬁ@tr K?CP{FKE '?%Ha%'h ngelo

means, such¥as by provision I ng mechani smwthin
bl adder st spaxdedr feohtheAhtegionatifaed VI3 dfhibeqipsiad fonkiedtratibé gartSsasmpuha

subjected to an influence u as a . magnetic or electric fireld) to
stinul ate RﬁagWaEh%ﬁe@ icr?ﬁ%‘ﬁgi‘? Hetjor ?q-ﬁg?'qerhfl ing bl adder structure 70

may incorporate neans to induce vibration in the outer annular nenbrane 71
thereof to_assist intimate deposition of the adhesive onto the inner face

of the conbfettvagbextens ofathe plemIedjaler MRSNSed Fredhadss M tadael tifed in
re atiof tl%gﬁfh@hhﬁﬁéi“ %lbéf"%%egsﬁé;ﬁ%#@%;?%@ﬂytr@emﬁw 5Gf5d 93 Bﬂmﬂﬁer

vi bration e outer annula e trailing spreader
57 is incopipelis edch that 4 gapl¥9ong cedmeddheicbkhoben h&Vith tiss arfsageorermeadt 25-

The trailing section 111 further, -i,ncludes a, mandr 113 .which urges the

assenbi ed TR EOMANBA T SRR o o e B SPloH A5 & SRR

?Eg' i ed tog hfLPnes ﬁ{ﬁepibéﬁﬁé a96r Ia?@ﬁgﬁ,ﬁﬁﬂméﬁlﬁnbr e éfjthb%eﬂ?ér'ﬂ@ﬁ&cbé 0
being formed by the intermediate wiper seal 83. The layer 96 is of a thickness

15 corresponding to the gap 95 and pravides the intermediate lining 19.

The outward extent of the trailing wiper seal BS is less than that of the
intermediate wiper seal 83 such that it is spaced from the inner face of the
concrete layer 96 applied to the interior surface 13 of the pipeline. In this way, the
trailing wiper seal 85 in combination with the inner face of the layer 19 of congrete
20 provides a gap 97 through which a layer 100 of adhesive contained within the
trailing hoiding chamber 93 is applied to the inner face of the concrete layer 96.

Cement is delivered to the leading holding chamber 91 by way of a cement
delivery tine 101. Similarly, adhesive such as resin is delivered to the trailing
holding chamber 83 by way of a adhesive delivery ling 103.

25  Venting systems {not shown) are associated with the holding chambers 91, 23 to

allow air to vent therefrom.

The concrete delivery ling 101 and the adhesive delivery line 103 are incorporated

in the umbilical structure 105 which extends to the body 23 from the second




mandrel 113 through a delivery slot | 15 forned in the trailing section
111. The delivery slot 115 separates the trailing section 111 into a front

part 117 and a rear part 119.. the front and rear part

together by a structure 118 including gussets 120 whi 1% @@M%F%@%fere
with delivery of the assenbled liner 2 811 t hrough the delivery slot 115~
The mandrel 113 is located i medi ately behind the deHverg/ slot 115, as

best seen aﬂ:ﬂEsEl]:glnEESTbEtDWém&rmsrajsomaasjrﬁtfdﬂﬂgeemabl stpchire i196r 11

t t t tact th th f f b
of the. aanes v any mbersaearar e praush Sudh asnfiet el Shbel oy Afig Y
assenbl ed i|¢]é%erTFté VaphLI¥ fined dr@wma 6O SEraMENBERS2AD the bady del mvesy

sl ot 115, e contact face 19 being adapted to vibrate to press the |iner
into bandlnlgngdhe@mellweth t he adhesive | ayer 913, The front part 117 may
i ncorporate a vibrating diaphragm 121 defined by an inflatable cuff
structure 123 disposed rearwardly of the trailing w per seal 85. The 5
vi brati g @hapkadung bmﬂmsﬂmcﬁur{ehégaﬂmﬁrwﬁtﬂﬁw Mg angd fefs ivipsating tthﬁ ‘P'ﬁﬁér

face of the oncretela agm
55 et weefIRB RS s g B @ulftaG: Sty bk deNeted b Haeddfia it 297
the delivegyambet 33115 assiihqiihae depisitioreds WEtdinrfmetemtﬂ:ZcEenstealbsaudape| ed
to the face of the liner 11 which contacts the outer face of@i&g cenent

| ayer 96. A3sEathenbtedngsn he Puter apnylaE SReRPENSVEhMEePE Il by 8BY 115
to prevent.ijgiess gl URRYVE SHRRIGRSE o ORADTEECAN SIS (FESadia

into the I 'ngs of e trailing part el1very head
The aSS@ﬂ’DbI@ddbr seUctlite B8y Akemhtieslgr tescmestinbad|cabiasci@rene bei aubjadtee

| arger than the size defined b theln er s reela er
96 “1n suckh 28 RlueaGRsriRLEs o Brakete ol Tries hsd sl BEog rella < o
forma tuck 131 in the assenbled liner to construct it to a size for a
snug fit agal nst the concrete layer. An inflation flui P%ls dellver d |nto

the |ined Skvtarbh e twding; paddge ﬁiw%@ﬁ. RE R INSNRGTBIS B 193!
maintain tOe L0eh the dill e AR LR T bR 1O B8SIsT Rffate depc:-sltlcm of

the adhesive onto the inner face of the concrete layers 896. A similar vibration
15 mechanism to that used in relation to the leading bladder structure 59 may be

utilised to induce vibration in the outer annular membrane 71,

The trailing spreader member 57 is incorporated in a trailing section 111 of the
installation head 25. The frailing section 111 further includes a mandret 113
which urges the assembled liner 11 into intimate contact with the adhesive layer
20 100 applied to the concrete layer 96. The assembled liner 11 is delivered to the
mandrel 112 through a delivery slot 115 formed in the trailing section 111. The
delivery slot 115 separates the trailing section 111 into a front part 117 and a rear
part 119, the front and rear parts being linked together by a structure 118
including gussets 120 which does not interfere with delivery of the assembled liner
25 11 through the delivery slot 115.

The mandral 113 is located immediately hehind the delivery slot 115, as best seen
in Figure 5 of the drawings so as to urge the flexible liner 11 into intimate contact
with the inner face of the concrete layer 96 by way of the adhesive. The mandrel

113 presents a contact face 119 to the assembled liner 11 delivered through the




20 of the concrete layer 96 while the adhesive sets. The inflation quid
may be of any suitable formbut typically is either air or vvater
contain the inflation fluid, it is necessary to bl ock1 %‘2(}@
this being illustrated in Fi gure | of t 2 dr awi ngs by ovrsron 0
renovabl e plug 133 in the pipeline. the inflation fluid is a gas
such as air, a seal (not shown) vvould aI so be required at the first 25
access porrﬂelluerpIShtEH 150 thaicontdot facr 1Brkaiea destedkiy VibHadR PESS (the liner

pi pel i ne- cal t he i nfl t|o S in the order of 2.5 to 5
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i ntervals along the wunbilical structure 105 to provide support therefore.
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concrete | gyetrailing Wip&rebaloss and the tiher il niivérdcthnouggn tendeldvedy rsmit’ﬂ;ﬁ on
to the interior surface 13 of the phEelln

140, f§
the liner $§h§EW§c$QT¥alﬁﬁﬂoWFWE IHice ér's PP é’@@l’égq e u@&ﬁr%ﬂ W%rt'aé)rp yino
second enb%é&?%%%t?ﬁ{ tlepfé:degb‘lr ﬁ’ﬁla%%r 85, W%eaﬂﬁfé@ﬁﬁﬁ% ng7 is
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I mredi at el o a4 @gﬁ%aghe delivery sl ot 115 t hrough which the assenbl ed
liner 11 passes. an arrangenent may be particularly suitable in small.
di anet er pipelines where 15 space is |imted. Referring nowto Figures 13

and 14 of WS i | W"ﬁad?qsﬁéémn%ﬂ cirbhm@remfal Sizehbrfera
condui t 13%%5%%@gédlﬁe{ﬁgﬁ%ugg 131- I S arrangenent is e
than the size defined by the inner surface of the concrete layer 96. In such
15 circumstances, pinch rollers (not shown) may be provided to form a tuck 131 in
the assembled liner to construct it to & size for a snug fit against the concrete

layer.

An inflation fluid is delivered into the lined section of the pipeline 15 behind the
advancing body 23 to maintain the liner 11 in intimate contact with the inner face
20  of the concrete layer 96 while the adhesive sets. The inflation fluid may be of any
suitable form but typically is either air or water. To contain the inflation fluid, it is
neceséary io block the pipeline 15, this being illustrated in Figure 1 of the
drawings by provision of a removable plug 133 in the pipeline. Where the inflation
fluid is @ gas such as air, a seal {not shown} would also be required at the first
25 access port in order to maintain the pressurised environment in the pipeline.

Typically, the inflation pressure is in the order of 2.5 to 5 kpa.

A plurality of carriage structures 135 are provided at spaced intervals along the
urnbilical structure 105 to provide support therefore, Each carriage structure 135
includes a collar 137 which receives and supports the umbilical structure 105 and

30 rollers 139 for engaging the interior surface of the pipeline.




advant ageous as the conduit 132 can provide a path along the pipeline
separate 15 fromthe main flow path within the liner 11. The path within

the conduit 132 20 nay be used for various purposes suc L f or
to carry one or nore service lines such as tel ecommni1%a‘tq©yr¢hg§gﬁ #\[g[\ﬁWth
t he enbodi nents descri bed previously, =18 was necessary to bl ock the

pi peline 15, such as by installation of a renovabl e pl ug{ 133 therein, to

al | ow t he Thafdatiage stiuctutes ol 3 ace mteantiedablet fori lemaval [threghs e sero™ t he
pi peline. The 25 epbodi ment shown in Figures 14 and 15 does not require

use of such EESHIRAYt<Referring now to Figures 15 and 15, there is shown an
enbodi nent in which the apparatus 10 is simlar to that described in the
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an arrangement may be particularly suitable in small diameter pipelines where

15 space is limited.

Referring now ta Figures 13 and 14 of the drawings, there is shown an assembled
liner 11 in which a conduit 132 is provided in the tuck 131. This arrangement is
advantageous as the conduit 132 can provide a path along the pipeline separate
15 from the main flow path within the liner 11. The path within the conduit 132
20 may be used for various purposes such as fluid flow or to carry one or more

service lines such as telecommunication cabling.

With the embodiments described previously, it was necessary to block the
pipeline 15, such as by installation of a removable plug 133 therein, 1o allow the
inflation fluid to be contained within the lined section of the pipeline. The

25  embodiment shown in Figures 14 and 15 does not require use of such a plug.

Referring now to Figures 15 and 18, there is shown an embodiment in which the
apparatus 10 is similar to that described in the eartier embodiments but the
manner of delivery of the longitudinal sections 27 of flexible material into the

pipeline 15 is different. In this embodiment, the longitudinal sections 27 of flexible




relationship to receive the respective |ongitudinal section 27 therebetween
In sealing engagenent as best seen in Figure 16. Each sealing roller 173

presents a resiliently flexible sealing face 175 which, ¢ L
deformto conformto the 20 profile of the |ongitudinal % t\{EﬁﬂbEi}ﬁ?@l{% in

particular to acconmodate irregul aritréd€ -such as the rral e and femal e
el ements' of the connector neans 29 attached to the |ongitudinal section,
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seal 177 is in sealing contact with a lip seal 181 attached to a wall 183

at the entpipelinad %6 -:twa‘qeﬁebpr@ﬂ@llaeaﬁmﬁ%ﬁ pitd2on B TeEd he tsBWYi ng
rollersgl7 mqgﬁabealrfc?b oY flasi Ie %ﬁé %cr%ei\.'é'st{ﬁ iy %8%6@'?@5%”5@ a8 ﬁﬁaé' ng

rollers 17 I'ng~Sea seal s 1 cooperate to
mai nt ai N am3@&bRdocante totiosr fatmtdﬁEnB‘ﬂﬂmqetmd 166 of the pressure chanber
163 while allowi ng the |longitudinal sections 27 of flexible 16 NOVEMBER
2004 -20 material to enter the pressure chanber. The rigid nature of the

seal i ng f atRe ld¥yitiding achtived B ng fesidle hiateaal @vier thp@&tla@Isesmnﬁao.ﬁa an
effective seal with the resiliently flexible S?@% ace 175 of . th(f
seal i ng r oPIReSsure aiippbaiben 11e Pessire ghatrbes fechy aMusing 53¢
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167 of the pre anbe a co lar 191 to e end 27a of
each | dfgi ramivesl ars edlation fRit,ivehiskedd typddaylyaix, amdedpré?imlr@mrenhenwmﬂw Oﬂ5 of

the liner 1 senbl ed fr,0 outlet end .167 of .t he e e .ch
163 to t nitgbg 58" Braelen Bt oto 0 REAhG! g1 gt BUE; BheesE o
provi des aEB@&iﬁ if(‘jgtﬁi nflation fluid to enter the lined section of the

pi peline 1 e advancing 10 body 23 to maintain the liner 11 in
intimate contact with the interior surface 13 of the pipeline 15, or the

i nner surf ?‘ Cﬁtgjﬁ‘@ﬁ%%%ﬂﬁe P‘?‘%ﬁuré‘%lah% s Lis! ‘ta&t Riosih] ljoema‘iﬂ'iﬁtnaﬁirtﬂﬁﬁbr’{e

sets. A par advant age o I's arrangenent 1s that it avoids th
need to i npm'ssuaa pl thg thdrobéhdhgrepeding @readed anfluiié zeqbreohaaism t1[é in the
nflat i1gn ferlﬂl#}:r Oleng1 to allow entry of each longitudinal section 27. Each flud seal
mechanism 171 comprises a pair of sealing rollers 173 positioned in side-by-side
relationship to receive the respective longitudinal section 27 therebetween in
sealing engagement as best seen in Figure 16. Each sealing roller 173 presents a
resiliently flexible sealing face 175 which can resiliently deform to conform to the
20 profile of the longitudinal section 27, and in paricular to accommodate
irregularities such as the male and female elements of the connector means 2%
attached to the longitudinal section, as well as any wrinkles which might be
present in the textile fabric forming the longitudinal section. Each sealing roller
173 has a rolling seal 177 located in sealing contact with i, the rolling seal 177
25 having a sealing face 179 formed of a rigid material such as steel. Each ralling
seal 177 is in sealing contact with a lip seal 181 attached to a wall 133 at the entry
end 166 of the pressure chamber. One or both of the sealing rollers 173 may be

driven, if desired.

With this arrangement, the sealing rollers 173, the rolling seals 177 and the lip
30 seals 181 cooperate to maintain a sealed condition at the entry end 1686 of the

pressure chamber 163 while allowing the longitudinal sections 27 of flexible



was required with earlier enbodi nents described. 15 The housing 165 of the
pressure chanber 163 tapers inwardly fromthe entry end 166 to the outlet

end- 167. In rmoving fromthe entry end 166 to the outl
| ongi tudi nal sections 27 (which constitute the inner pgh'ﬁ@%%%EaRrﬁe&%ecked

down by guide rollers 193 to a size whir€f -can enter the entry end 161 of
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17 illustrates an enbodi nent V\:hl ch is somewhat simlar to the previous
enbodi nent, except that access to the pipeline section 15a is via acc?ﬁs
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15  The housing 185 of the pressure chamber 163 tapers inwardly from the entry end
186 to the outlet end 187 In moving from the entry end 166 to the outlet end 167,
the longitudinal sections 27 (which constitute the inner portion 43) are necked
down by guide rollers 193 to a size which can enter the entry end 161 of the
pipeline section 15a. Guide roflers 195 are also provided at the entry end 161 of

20 the pipeline section 15a to guide the longitudinal sections 27 as they approach
and enter the entry end 161 of the pipeline section 15a.

Even though the outer portion 45 of the liner 11 is assembled from the outlet end
187 of the pressure chamber 163, the body 23 only operates from the entry end
161 of the pipeline section 15a. It is from that point that the outer portion 45

25 assembled liner 11 is bonded in position.

Figure 17 illustrates an embodiment which is somewhat similar to the previous
embodiment, except that access to the pipeline section 18a is via access pit 182
It will be noted that the outer portion 45 is illustrated in a somewhat bulging
condition at 1868, owing to the inflation pressure.




Once the existence, and |l ocation, of the lateral 201 has been identified, a
bung 203 is inserted into the |ateral adjacent the |ocation at which it

opens onto the 15 pipeline, as illustrated in Figure 18_:Theu} ' Lf
the bung 203 is perfornmed by the renotely operated veﬁliﬁclpgwéllﬂgégr%jsbence

of the bung 203 seals the lateral 201 - da‘i nst the entry of concrete and
adhesive applied to the interior surface 13 of the pipeline |5 by the
appar at us TBe duriong embodimenty daseribed abovasralateyisy F‘éﬁ%&t'fjﬂ % @dF‘érl@.a 20
The bung 203 jncorporat ' ady ' Reyrf gkan of
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reconnected to the pipeline 15 the |ocation of the II agﬁéfl 29{%” tE
respect t heequiigdl tornsise taat hengieraldg ney PEBREPRYY PRRISH SdLtPBh "Bt PPRE™bung
203. Hole L § ol SR I Gbdd pethi feeerdhcd tom
t he intlgri %ﬁ%% ﬁ?ﬁgq&%gf‘?ﬁh?%ﬁ ﬁgpirlr)]g a %&ﬂl i”ﬁgf%%?ieté'g carried by the
renot el y ofeguated8ve il gifdhe Theompayying3lrawingien renoved to exposed the

| ateral 201, as illustrated in Figure 20. The area around the hole 205 is
then cleaned. A connector nmenber 207 is then installed between the | ateral
201 and t hRefdéfingitpdligures 18, toddl , ithénesis shvet 4 ret@iaydfé exending fram Ripeine of
t he connect or_nmenber 207 16 EMBER 2004 -22 | erfaor r ely
oper at e veRi EIS IOIG BreRRekEre WDRbea eapressabipats S i Hese Esl PR
conpri si ngfefd), Thetah qgeﬁm%a@igﬁmf% bQishane, againsdtioandf be: lakdhkshaeby
bonded to the i'nner sgr ace 211 of the lined pipeline, and an annul ar

sect i or21pedoupedtising Aremataly mmemwbvemﬁlez%@choa%e DdE T AHSIIeH I PR 0

| at | 201 5t h. the .hol T nnul '
agai nat, afaveAaRh s oiey e sBrai & eRUy oREr BT et e ool o
201- 1 n ingfghlgpaeatbhe connector menber 207 in position, the rimsection

209 is deforned to follow the contour of the inner surface 211 of the
|l ined pipeline 15 The deformati on nay be achieved by the action of the

connect or  gR{FRehe284steAcadaRgNGERBN F Chd datitdl @01 has heehdbientifled? Gb bopgt he
renotely operated vehicle. The defornmation of the rim section 209
203 is inserted into the lateral adiacent the location at which it opens onto the
15 pipeline, as illustrated in Figure 18 The insertion of the bung 203 is performed by
the remotely operated vehicle. The presence of the bung 203 seals the |ateral 201
against the entry of concrete and adhesive applied to the interior surface 13 of the
pipeline15 by the apparatus 10 during the lining operation, as illustrated in Figure

19.

20 The bung 203 incorporates & device, such as a radio antenna in the form of a
copper ring, which enables the location of the bung to be identified after the lining
operation. At the stage where the lateral 201 is to be recennected to the pipeline -
15, the location of the tateral 201 with respect the pipeline 15 is identified by
sensing the location of the bung 203. Hole 205 is then cut into the lined wall of

25 the pipeline 15 from the interior of the pipeline 15 using a cutting device carried by
the remotely operated vehicle. The bung 203 is then removed to exposed the
lateral 201, as itlustrated in Figure 20. The area around the hoie 205 is then

cleaned.

A connector member 207 is then installed between the lateral 201 and the

30 pipeline 15, as illustrated in Figure 21. Installation of the connector member 207




causes radi al expansion of the annul ar section 213, thereby urging the
annul ar section firmy into engagenent with the inner surface 215 of the
lateral. Wth this arrangenent, the connector nenber 2Q% phoymiedra004
fluid-tight connection between the pip gi ne 15 and the lateral 210. 15
Referring now to Figure 22 of the draw fig§s, there is shown part of the

installation head 25 of apparatus 10 accordi n_g to a further gnbg@?merﬁ
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movenent ofaf6@s AsEanbksshdibmerr thd amvelart feetibhex Dl thesdy uRP®) the aNOVEVBER
2004 - The sealing action of the seals 221, 223 is f#rft er_@assj sted by the
movenent oBectorefiuslydnlsl engagemant With Rediger SHE G4 1R PedPE #1116, the

direction of novenent tending to carry any adhesive in zone 125 away from

the delivery slot 115. In the enbodi ments descri be revi ously he I ous
| ongi t udi nditlsethis oagangement.s the exeHIC Rt BEMRLT t g? EF%‘[&# éghf]ﬁiét\@{t

structure in , otggﬂ of ' I ﬁjél’iﬁlt%ﬁg‘]@_n the body to provide an
I nner portiGSHF'ggt"&h aneguﬁégﬁ%%ﬂeiﬁﬁﬂ@ e enbodi nent shown in Figures
23 to 29 of the drawings is directed to an apparatus

15 Referring now to Figure 22 of the drawings, there is shown par of the installation

head 25 of apparatus 10 according to a further embodiment. The installation
haad 25 of this embodiment is similar to the installation head of the first
smbodiment, as illustrated in Figure 5 of the drawings, except for the sealing
arrangement associated with the delivery slot 115 through which the assembled
20 liner 11 is delivered 1o the mandrel 113, In this embodiment, the delivery slot 115
is defined between a rigid seal 221 and a flexible seal 223. The rigid seal 221
presents a polished seal surface over which the assembled liner 11 can slide.
The fiexible seal is defined by a flexible wall 225 of a chamber 227. The chamber
227 is adapted to receive an inflation fluid which pressurises the flexible wall 223
25 thereby urging it into engagement with the assembled liner 11 passing through the
delivery slot 115. In this way, the assembled liner 11 passing through the delivery

slot 15 is sealing engaged between the rigid seal 221 and the flexible seal 223.

The flexible seal 223 may be of perforated construction so that inflation fluid
contained within the chamber 227 can bleed through the flexible wall 225 and

30 thereby lubricate the seal face. This serves to reduce frictional resistance 1o

movement of the assembled liner 11 over the flexible seal 223,




whi ch does not use a guide structure in the formof rollers Referring now
to Figures 23 to 29, the guide structure 41 presents a guide surface 10

265 over which the |ongitudinal sections 27 can pass t V. £pezdaner
liner section 43 and the outer Iliner sggti on 45  The 33%‘1@ surface 255
presented by the guide structure 41 is 6Fa profile which facilitates
spreading of the flexible material _in a manper which recItHdes forma} bﬁn
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Fi gures 25 he "draw ng e guide ring structure 256 conprises a
ring body t2bdingetei crgreameatinediveo reromeg 122 E@ay Than thendelsdy sEB7 16r esent s t he
gui de surface 255 about which the 1longitudinal sections 27 are adapted to
turn, with the inner liner portion 43 20 entering the ring body 257 through
t he centr aly peesinbgdakhtantkstiivad puzviougy, teowaribushiengibidaaksedtnne 268f such

that the outer liner portion 45 I f th ter. periph f t
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circular. The 1nner circunference 25 261 is configured to provide a first
subst ant i aémpodinmertaihdain ihdrigarscd w629 obtherirawingreisfliiestar] aR appaGHLs he

dr awi . 4. 16, NOVENBER T [ first i al d 263
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circunference 259 of the ring body 257 and so is generally circular. The
d axi al d 264 is .confi t ' -

Si nusoi dal REGETag foi SaaberdIcaed B SfuRuBl T ates 4B Bfd surtace,
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formati on 265 are out of phase such that each trough 267 of the first

si nusoi dal séatiome43 and 282 outegilipeesectioni4®h a respective crest 268 of the
second sinusoidal formation 265 in a radial direction of the ring body

257, and each crest 269 of the first sinusoidal formation . _
The guide surface 255 presented by the guide structure 41 is of a profile which

facilitates spreading of the flexible material in a manner which preciudes formation

of wrinkles in the outer liner portion 45.

16 The guide structure 41 in this embodiment comprises a guide ring structure 256

as best seen in Figures 25 {0 28 of the drawings.

The guide ring structure 256 comprises a ring body 257 having a central opening
258 The ring body 257 presents the guide surface 255 about which the
longitudinal sections 27 are adapted to tum, with the inner liner portion 43

20 entering the ring body 257 through the central opening 258 and then turning
around the guide surface 255 such that the outer liner portion 45 leaves from the
outer periphery of the ring body 257,

The ring body 257 has an outer circumference 259 and an inner circumference
261. The outer circumference 259 is generally circular. The inner circumference
25 261 is configured to provide a first substantially sinusoidal formation 262, as best

seen in Figure 27 of the drawings.




10 262 registers with a respective trough 272 of the second si nusoi dal
formation 265 in the radial direction of the ring body. This can be best

seen in Figures 25, 26 and 27 of the drawings. Wth thi t he
| ength of the inner circunference 261 egalal s the |engghﬁ%¢%@§%ﬂ4

circunference 259. 15 A further charactiéristic of the configuration of the
gui de surface 255 will now be described with reference to Fi gure 29 of the

drawi ngs. TiHerieg iRy @odt hama drstidal ag 43 a0d ratecogsxialendiddd Hae el arc
274 ext |
oo or 8 G193 4RGP Y90 2650, A Rl 0y b e
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274b, 274c, 274 274e, shown 29 are of the
T | o prean s SHa bRl Pa 25 e Tisbeast indk Elenabeh o8s BRENeSin iy o
extent 40 mpjghpgach |ongitudinal section 27 is in contact with the gui de

surface 255 as it turns to provide the inner liner portion 43 and the
outer liner portion 45 is substantially 25 constant. Because of the

subst ant aTHé’fu%@@ﬁﬁJ%deai £irBiafion DEeARd e é“éﬁ&hﬁ%nuéd’l%l%r‘ﬁand?@?@ﬁ gpd bicant
tendency for irregularities such as creases, winkles and folds to formin
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arns 233 are connected to the rlng structure 231 on the side thereof
opposi 1@ 1494 mEigargwitk @ regeecipastrongiae?2icf the gegpid §in(sléﬂié|ﬁ| farmatipR 83

structure ﬁ%ﬁéf}ﬂdﬁahﬁwgb{ﬁ%fﬂ{bf&grﬂu‘ﬂgi SPhis il BOBEsPOLL o FighfcBRRy SRChes

the ring structure ring s ructur and the
radi al retaidZnof hewra2adgsar e forrred of a conposite material incorporating
carbon fibre. In this enbodinment, there are four retaining arnms 233 in
equal ly spaced circunferential relationship such that the central opening
232 wi t hi nafithethid rgrangement, the length of the inner circumference 261 eguals the

length of the outer circumference 258.

15 A further characteristic of the configuration of the guide surface 255 will now be
described with reference to Figure 29 of the drawings. The configuration of the
guide surface 255 providas that any arc 274 extending across the guide surface
2585 from a point 276 on the inner circumference 261 to a radially aligned point
278 on the outer circumference 259 is of constant length. In other words, the arcs

20 274a, 274b, 274c, 274d, 274e, 274f and 274g shown in Figure 29 are each of the

same length.

With this configuration of the guide surface 255, the lateral e:ktent to which each
longitudinal section 27 is in contact with the guide surface 255 as it turns to
provide the inner liner portion 43 and the outer liner portion 45 is substantially
25 constant. Because of the substantially constant lateral extent of contact, there is
no significant tendency for irregularities such as creases, wrinkles and folds to

farm in the outer liner portion 45, and thus in the assembled liner 11.

The ring structure 256 is supported on radial retaining arms 233, the inner ends of

which are mounted on a support ring 234, The support ring 234 is secured to the




structure 231 is divided into quadrants. Were the liner 11 is assenbl ed
fromfour 10 | ongitudinal sections 27, each of those four |ongitudinal

sections passes through one of the quadrants. The ret %Mgﬁﬂﬁéﬁﬁgﬁ are

of a wdth corresponding to the size of_the connector

enbodi nent, the delivery slot 115 is defPned between a rigid seal 221
carried on the support ring 234 and a flexible seal 223 incorporated in the
gui de 15 dndyadd bﬂ’%ﬂbﬂfﬁ'ﬂ@rﬂﬁﬁ]@ﬂﬂtzﬁﬁzt dhe reginingraym g @B@I aseanonzzmtqdr@sent s

a polishe C e n The
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227 i ncor pored e side ol éhe fing strattuve favity &@ldirddiendraieiic? e inmieh goriopd t 0
receive an_inflation fluid which pressurises the flexible wall 225 thereby

urgi ng it 45helPoRghge M NG SICEE. 29 shewenp fdaure ddr e jag simgtraZdigh
the deld veiy sthBt radia| feta |hi?1' S A Jde %S%Sﬂ%&dc#'ae éqpsea?SIE%EH h ough

the delivery slot 15 1s seal |ng engaged between the ri and t he
fl exi bl e seectrpoEdingmrporfibrd.i nes 238 for delivery of |nflat|on fluid to
t he chanber 227 are incorporated in the retaining arns 233. 25 The guide
surface 255 is of perforated construction so that a lubricating fluid
cont ai ned Imi thié nembediohentbehe@?2 7areafoln] eedirtiny oaighs t2@3 g daquauyfamealnd

nal , resi stance
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and water. Delivery 30 lines 237 are incorporated in the retaining arns 233
for dell védergipeinalmectans 24, eaoh @f thosa fmlrdahgmlchmIfmélDESEpaseeQGhrougﬁ

NOVEMBER read 23 are rov i ded the nmal e and, femal e
clements e RGNS, THRaAaga 1T ey 2 ARt OALH STTTPoBPREr B or s
48, as shewa mﬂ’thglc@uﬁgcnggg_l?eferrl ng now to Figure 30, there is shown a

further formof connector neans 29 5 for joining |ongitudinal edges of the
| ongi tudi nal sections 27 of flexible materi al

In this embodiment, the delivery slot 115 is defined between a rigid seal 221
carried on the support ring 234 and a flexible seal 223 incorporated in the guide

15 surface 236 of the ring structure 231, The rigid seal 221 presents a polished seal
surface over which the assembled liner 11 can slide. The flexible seal 223 is
defined by a flexible wall 225 of an annular chamber 227 incorparated in the ring
structure 231, The chamber 227 is adapted to receive an inflation fluid which
pressurises the flexible wall 225 thereby urging it into engagement with the

20 assembled liner 11 passing through the delivery slot 115, In this way, the
assembled liner 11 passing through the delivery siot 15 is sealing engaged
between the rigid seal 221 and the flexible seal 223, Delivery lines 238 for
delivery of inflation fluid to the chamber 227 are incorporated in the retaining arms
233

23 The guide surface 255 is of perforated construction so that a lubricating fluid
comtained within the chamber 227 can bleed through the guide surface and
thereby lubricate the suwface . This serves to reduce frictional resistance to
movement of the assembled liner 11 over the guide surface 255. The lubricating
fluid may be of any suitable form, such as a mixture of soap and water. Delivery

30 lines 237 are incorporated in the retaining arms 233 for delivery of lubricating fluid

to the guide surface 255.




together in a somewhat abutting relationship to formthe assenbled |iner
11. In this enbodi nent, each connector neans 29 conprises a first

connector elenent 241 in the formof a male connector
connector elenent 242 in the formof a_female connect 8§W9ﬁ§iﬁ€g%gﬂent
Is: however, alittle different from 1028 he arrangenment with earlier

enbodi ments in that the nmale and femal e connectors 241, 242 are |ocated to
one side o‘?fprea@w 3%%iaradnrﬁwde§iefﬂriaimnm Hie maigi a1k femalee elaanents eft thei de
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cont act tmﬂ surface of the passageway to which the |ongitudinal sections 27
15 are applied and adhesively bonded. This ensures that there is good
contact between the |ongitudinal sections 27 and the surface to which they

are appl i Refefring fd@ term@denﬁ]ltthe@@slﬁﬁ'ﬂnedbﬂheﬁfcﬁimccﬂﬁlbctcﬁ'%eaﬁs Secured
to the respective longitudinal section 27 of flexible_material in
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27 are applied and adhesively -27 15 NOVEMBER 2004 bonded. This ensures

that t her @assagauay c dnthistwastiie snalerand Brpalewarmgctor emedifs<9 . 4hd dehe
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| ongi t udi I'ts respecti've
15 are applied and adhesively bonded. This ensures that there is good contact

between the longitudinal secticns 27 and the surface to which they are applied.

in this embodirment, each connector element 241, 242 is secured to the respective
longitudinal section 27 of flexible material in any suitable way such as by stitching
247 .

20 Referring now to Figures 31 and 32, there is shown a still further form of
connector means 29 for joining the longitudinal edges of longitudinal sections 27
of flexible material together in overlapping relationship. In this embodiment, each
connector means 29 comprises a first connector element 243 in the form of a
male cmnneétor and a second connector element 244 in the form of a female

25 connector. The arrangement is similar to the connector means 29 shown in
Figure 25 in that the male and female connectors 243, 244 are located to one side
of each longitudinal section 27 of flexible material, that side being the side which
provides the inner surface of the lined passageway. In this way, the male and

female connector elements 243, 244 do not contact the surface of the

30 passageway to which the longitudinal sections 27 are applied and adhesively




| ongi tudi nal section 27 and the fenale elenent 244 is fitted onto its
respective 5 |longitudinal section 27 inwardly spaced fromthe | ongitudinal

edge thereof to provide for the overlap. Each connect 244
is secured to the respective |ongitudinal section 8% "fd)‘é%%%éépérl al
i n any suitable way such as by stitchi‘n%?.‘The mal e eI enment 243 incorporates

a receiving cavity 245 which extends along 10 the length of the male
el enent af@fRto viHligrensiges dhat ttherenas gask contachebetwspac the dohginglinaidi nal

section 2% | itches}- This arrangenent
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Its respectlve Iongltudlnal sectlon 27 of flexible material. It is possible
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Is shown_in Figure 33 of the drawi ngs where the outer

such arran
assenbl®ed 'ﬁ'l%'é‘ inal sesbipn; £7 dawa Yr%?@nff@"hdﬁ%ﬁ%ﬂ'g@d'@bﬁéﬂ& Haeieshde

assenbl ed pfhigs fdshbdRBHhHI ed by reference nuneral 11b- As previously
mentioned, there is a gap 251 defined between the 20 two liners 1la, 11b
I nto whi ch the settabl e conposition can be introduced. By inflating the

nterlor EgehbnAedIRidmet Ma 100 LAIRLdd Rhe thobochANLIRRARRILR |

provi ded to the assenbly an I'ne

gap 251, EFthﬁheklbI&)mah@mmdnahatsuﬁhbletw tucreas bhatitdhilg. b are oriented such
that the connector 25 neans 29 on one liner are offset with respect to the
connector neans 29 of the other liner Referring nowto Figures 34 and 35

of the drdhengale tleeenti 243 morparatas b heteiverbosiitye?ds Whlém%x&nﬁar@lbn
for |g§tall allnef\ 11 jnto the interior surface 13 - 16 NO\/ENBR
2004 ﬁgrﬁﬂathl Ak the Mg slemedaand ninte EH ther |Ut”§FttJﬂ'@af igose ehibei nent

shown 11 (g Idndifichdliselolin 35CRTRARNEAGAY BULMER (VA s BiF sFXRER) 1 O7

of additi eatures as escr
This arrangement enhances the strength of the connection between the male

elernant 243 and its respective longitudinal section 27 of flexible material.

It is possible to construct a pipeline or other conduit using two of the assembled

15 liners 11 positioned one around the other with a space therebetween to receive a
settable composition such as cement, concrete or a resin. One such arrangement
Is shown in Figure 33 of the drawings where the outer assembled liner is identified
by reference numeral 11a and the inner assembled liner is identified by reference
numeral 11h. As previously mentioned, there is a gap 251 defined between the

20 two liners 11a, 11b into which the settable composition can be introduced. By
inflating the interfor region 252 defined by the inner liner 11b, form and shape is
provided to the assembly and in particular the pipeline being formed in the gap
251,

It will be noted that the two liners 11a, 11b are oriented such that the connector
25 means 28 on one liner are offset with respect to the connector means 29 of the

other liner.

Referring now to Figures 34 and 35 of the drawings, there is shown a further

embodiment of the apparatus 10 for installing a liner 11 into the interior surface 13




The apparatus 10 incorporates a control mechanism 270 for controlling the

| ateral 5 position of the internedi ate spreader nenber 55 within the

pipeline 15 1In other words, the internedi ate spreader g can be positioned

in an offset relationship wth respect_to the centrall i\{%“i"EMﬂ [2084i s of

the pipeline 10. Wen the internedi at'e preader nenber 55 is centrally
the .internediate lining so fornmed is of
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j ammed wi t:hin,t i peline 15: ble to be pulled free using the

b c h o il AR PR ok BR Sheth ok clesizbie o naveserbiassboutient
I S provi degfaset Blohags ki t te .. rollers. 28, The
skig structure 280 ghgrhs@itt%stmtillﬁat:’?’flr ?}‘r%@Rémﬁvoggﬁhﬁggoﬁ%e%&g‘&v?g ‘f"'ﬁé theg 16
NOVEMBER &poipadiment shown in Figures 34 and 35,

The control mechanism 270 comprises a plurality of circumferentially spaced skid
members 273 ;:-'iw::t:.aFI}.ur mounted on the infermediate spreader 55 for engagement
either with the interior surface 13 of the pipeline 15 or with the intermediate lining
applied to that interior surface. The skid members 273 are arranged to skim along

20 the surface upon which they are engaged. An adjustment mechanism 275 is
provided for selectively controlling the radial position of each skid member 2;3
with respect to the spreader member 55. In this embodiment, the adjustrnent
mechanism 275 comprises a ram 277 connected to between each skid member
273 and the infermediate spreader 55,

25 There may be circumstances where the rollers 28 carrying the body 23 may
encounter a large cavity within the pipeline 15 This may presemt difficulties in
circumstances where the cavity is so large that the rollers 28 couid possibly fall in
the cavity and cause the body 23 to be jammed within the pipeline 15, unable to
be pulled free using the tow line 24. With a view to avoiding stich an oceurrence,

30 the present embodiment is provided with a skid structure 280 located ahead of the

rollers 28, The skid structure 280 has its trailing end pivotally connected to the




structure 283 on which the rollers 28 are nmounted. The | eading end of the
skid structure 280 is linked by way of a flexible cable 287 to the
unbilical structure 105 incorporating tow lure 24. Wth this arrangenent,
if the rollers 28 do happen to drop into a cavity in {H&QPYEMBER 2084 t he
skid structure 280 can slide upvvardly‘@gaT ong the side wall of the cavity
and thereby allowing the rollers 28 (and hence

and over %@e ted‘?qﬁ éhergﬁf_,
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hi ghly Qj‘a‘vqgusm tp,léqgﬂg&le}‘ﬂ_ lining a pipeline. If the pipeline require

as

structural repair, we as resealing and/or to pacify corrosion, the
pi peline can be lined and repaired wth cenent or another substrate at the

same timer | - ss- A particular advantage of the process
is that i ﬁfgﬂﬂﬁﬂg*ﬁﬁéﬁ%@ﬁﬁ& ﬁl%?)&ﬂb%éﬁmemzﬁ #lap hited swireatsmusion didzengt hs
of pipe iZ¥JonAt the deedmg dhe ¢f ARl bBLNO o] c N .l a nmu)titude of
I ayer,lzJ on h_he Anterior gsurface_ of I:ngﬂ?pi g@%i ﬁ‘g&%\/’& ?E#h?@d@e‘?@”ﬁ’@ﬁ iﬂ’"m ng
vari ous FaHarighdebds in dhaminadinewhz abead mfghe dipaltriing ‘éﬂEVﬂtHﬁ.nW?ﬁEQHﬁ hol es
i s bei ngdkhpg | - er. woul d typically be cenent to fill the
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t he pi peh&ag- A |l ayer of cenment 307 or other substrate is applied to the

Interior surface of the pipeline 301 so as to plug the fracture 303 and
fill the 30 cavities 305. The cenent which plugs the fracture 303 may enter

the agearrom the foregoing, it is evident that the various embodiments provide a highly
effective process for lining a pipeline. If the pipeline require structural repair, as
well as resealing and/or to pacify corrosion, the pipeline can be lined and repaired
with cement or ancther substrate at the same time and in the same process. A

particutar advantage of the process is that it can be used to line, repair and
20 reinforce extensive lengths of pipe in one Process .

The pipelining process can install a muititude of layers on the interior surface of a

pipeline, with the layers performing various functions. For example, where a pipe

fractured with numerous holes is being lined, the first layer would typically be

cement 1o fill the holes and stabilise the surroundings. A pipe lined in this way is
25 ilustrated in Figure 36 of the drawings.

Referring to Figure 36 of the drawings, there is shown a pipeline 301 having a
fracture 303 extending therethrough and various cavities 305 formed in the interior
surface of the pipeline. A layer of cement 307 or other substrate is applied to the
interior surface of the pipeline 301 so as to plug the fracture 303 and fill the
30 cavities 305. The cement which plugs the fracture 303 may enter the area




-30 16 NOVEMBER 2004 surrounding the pipeline, as shown in the drawing. A
liner 309 is then applied to the interior surface of the cenent |ayer 307_
This operation is simlar to that described in relation to the first

enbodi ment shown in Figures 1 to 9 and yray be perf or 8 NWYBEMBER 2ppar at us
10 described therein, 5 There may be cittunstances where it is desirable to

i nstall addifi | Layers. within a pipeline. One such arrangenent is
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woul d be for mﬁ?ltgqﬁ%bp‘%‘%ﬁ'ﬁ%%gﬁ%gﬂ}@?c&tréi?‘”of fibreglass and resin. The
purpose of the rigid liner structure 313 Is to remain intact and break
away fgo | ' he integrity of the pipe is dramatically

chal | e?mggjﬁé}gu@ﬁpg’gsc%umfﬁ'lﬁ%%ﬁ%% 'k [Rasiiebigyto inatalladsitichamayers gthii gi d

| i ner straupipeltiee 313 provides an interior pipe which remains intact even if

the pipe 301 Is breached or crushed and which contains the fluid within the
pi pel ine. The defornmable | ow shear |ayer 310 may have sel f-healing

char act erdms# isesh aFfdrsjeni@t i8e) ' ' i.ous, ways. such as by
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313 is thinner at trkéﬁ?gg J%’QQ@E? %heii@?'ﬁﬂgﬂ%&wa@%t@fﬁbﬁrﬂmlﬁwm
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P of the pipe is dramatically challenged, such as by rupturing o fracturing. In this
15 way, the rigid liner structure 313 provides an interior pipe which remains intact

even if the pipe 301 is breached or crushed and which contains the fluid within the
pipeline.

The deformable low shear layer 310 may have self-healing characteristics. This
may be achieved by in various ways, such as by forming the layer of a suitable

20 expanding micro balloon resin, or of a mortar mix of lime and cement, or of a silica
based material that on exposure to oxygen. In this way, the pipeling can be
sealed to inhibit the entry of ground water.

r_n Figure 38 of the drawings, there is ilustrated 2 pipeling 301 which has been
lined in a similar fashion to that described in the previous embodiment with the
23 exception that the inner liner structure 313 is of variable wall thickness in the
circumferential direction. In the arrangement shown in the drawings, the iiner
structure 313 is thinner at the top where wear resistance would not normally be
needed and thicker at the bottom where the pipeline is more likely to be exposed

to the aggressive effects of fluids conveyed along the pipeline. The lining process




to the aggressive effects of fluids conveyed al ong the pipeline. The fining
process -31 16 NOVEMBER 2004 for producing such a lining may be carried
out by apparatus of the type described and illustrated in relation to
Figures 34 and 35 of the drawings, In Fgﬁgure 39 of thel@MNAWRMEER BBB¢ i s

shown apparatus 10 lining a pipe 301. ncl uding installation of an inner
0 .may be of the 5 construction described in

l'iner 32. O‘Fhe? @Lﬁ)‘gar at Uﬁ&l . . .
relation 19 RREVENS SHCHEHNEY Sy ba CRTifH et B apparales of the typesieaahpdy ment
the innerahd le&trdail BAERRLASS FHg)l tned froma settable
conposition conprising a m xt tﬁ%ur%%?e%lﬁﬁgég%%wm@ﬂ?ubber. The |ayer

323 is retained in position during setting thereof by a liner 325 formed of

flexi bl e marrral 3568 L i d fibreglass.claoth, as described
in earlier ?0 enbodi 2’2%’[%3@ T e'Jgg{eggg;%bgvgrgpq%%h{%iuﬁf%@giEthiPe 301,
i 11 ust r at 8aludingFinpialations of Grere liee 82 awirngsappaNisdaes Mafubbi of feer ed
def enc - 2Dl pbel i nes, lch continues to allow the pipelines,
whi ch %oaﬁ%’clﬁr?ﬁreﬂga?@ d%??%%cFWere}lﬂqﬁ’é‘l ﬁ\éﬂbﬁ qroPedimgnh shawaen Figwes &3 ankadt for
a i mtednpliiws ediaddimiene)thieninihRe |ig¥em> 10 | es failure of

15 one of tngg Ia\éers. In the enboldi rrent1sé%ﬂ§cr| g\é\m&e&%i{rry}e FOM idher 11
was asse & CHFPOSEINGI e@PRandsadnixture a7 resin fdrex chirebsmtr-apbsd . THher
arrangemg i nossjble. For instance, the liner 11 nay be
Gel tverocye % 'Fbg%ts‘f'gig‘ge“"rmﬁ’;p%’%'a@ﬁed”@gr?ﬁtﬁ'ﬂg ANGTesk by @ INen@25Tiasmerost bl o

t ube can flegibie muerialrauchdisaregiv-Mepreh h AU B eb B s &9k OVd inner. i ner
port iﬁp Ah}a?gﬁn an,outer liner porti gn 45 as %\ag tl}ogﬁ'c%%gsgm&ﬁ?&ﬁheéar ffevi ous
enbodi e MRS he outer Iiner portion being progressively installed in

position to provide the lining for the passageway, One such arrangenent is
utili sed1jhn t he erroodi ment shown in Figures 40 to 48 of the acconpanying
drawi ngs.' VA U8 '@heiEdPhiR Pipefiees INsiratel insFigoreshas toBncith@arawhes

St ructur SO Ret 1 B R bR Sy bt 1y i Reap A meninueg doond
| ayer 25@:EWdi;r?;m?llmgsawhlmmmmu@tt@raina{n.f thERABA RS0 Brdin in S8 ket O
P [easp?ur 8 fimited period of fime) in the event of damage which causes failure of

13  one of the layers,

In the embodiments described previously, the liner 11 was assembled from
longitudinal sections 27 of flexible material. Other arrangements are, of course,
possible. For instance, the liner 11 may be delivered to the passageway in the
form of a flexible tube. The flexible tube can be turned around a guide structure to
20 provide an inner liner portion 43 and an outer liner portion 45 as was the case with
the previous embodiments, with the outer liner portion being progressively

installed in position to provide the lining for the passageway.

One such arrangement is utilised in the embodiment shown in Figures 40 to 48 of
the accompanying drawings. In this embodiment, the liner 11 is in the form of
25 tube structure 350 comprising two layers, the first layer 351 Gomprising a
structural textile fabric such as woven fibreglass fabric and the second layer 352
comprising a flexible material impervious to air. such as for example rubberised
polyethylene. The two layers are illustrated schematically in Figure 42. The
second layer 352 is oxidised on the face thereof which confronts the first layer to

30 facilitate bonding to the first layer, as will be described |ater. The first and second




pol yet hyl ene. The two layers are illustrated schematically in Figure 42.
The second |layer 352 is oxidised on the face thereof which confronts the
first layer to 30 facilitate bonding to the first layer, as will be
described later. The first and second -3 16 NOVEMBER 2UDANNASMBERSS004 352
are not, however, initially bonded togé”tzfrer but rather the second |ayer
352 is nefel gg%l L oned about the first layer 351. Wth this arrangenent,
t he secon&FF“g%/ 3522 §f¢ nebrwessy, pdiaflgttyidedeiogethen Huteawiet ehe Skasn@f t he
first | amger 382 @finki ; ri The tube structure 350 is
constructi_glg fi rsh;; Ibrgér:fm{:?ggﬁaﬁ%éga%toﬂgéheogrsfti[ﬁ?%'gj% s%ﬁ‘br’fhié airyrgeneiteet
thereof ti&epsentrdelaybe 36Rraftrubbyfted 3bletiifedd & of 1R ide! e
rubber i sqg $|Q| égt Qﬁl-l .Ene I|abozt_tlt the fi gr ggl ass fagr i‘ﬁétduLE‘gr ?‘odgp&g'vhlgd%rs[ he
second | ay8r 352, OTHRIARRS @it (Fhe 36 istruabirevabeds i constraotdoapian dhy
condi t§ orcraktimg at LePHASHALEMRY £ L.nad 1 he.body 23 at which it is
turned about the guide st rgct urgbﬁﬁ%t%gjl foager%%%@qﬂtﬁ% %ﬂ”ﬁé? he {65t lgget i on
43 and t & lodner themereasiogt & dnbaSof abbeeised Sespethplent S @St ABRk 4L | N

thi s enbgdj i structure isin the formof a qui ring
structurgggggﬂgga%ggggﬁgggeﬁﬁcP@F 366§%?0 an earlier enbodinment and shown
in Figures 25 to 28. In passing around the guide structure 41, the tube
structur ' Wi th the result that the first |ayer 351 of woven
fibregl agrs él@"?i%’f“#\égﬁr%?%’n'ﬂﬁ%”%ﬁéﬂ aeQlersed craedisionerong Her paesagesmy45s,
and the sedmnlhé@yeth8In0923 kife) Rl ARKEBLLENR LEBN IS L I8r 51 0°

0 Ss

of thﬁ) outer liner portion 45. The first [ayer
fabri'd i @TNEHE doeinrer nesiperton 49r e the duter ifee pdriiére 450 t he
p las Bl aeenoh

passage st lLi.ed to,the interior surface of the
passagem&%ﬁtg@r%ﬁ ﬁqugéghgo&ﬁg‘ﬁﬁn} heiide strugtuse dittis dn the Smhakat he
20 ef f ecguale hogditngtiree?dd mat dadigibagcan 51, >t he The

t ube strugt ure % 0 is delivered tolljtgﬁeﬁa’bl‘oél J%{fﬁﬁaéﬂ%g%ﬁ?%ﬁﬁmd

col | apsed"C¥0rdit1pBres 2hdotdihe Ispagsingrarobei the anlidepsedtutocn ithsalhe about

condi 11 0 Vene PoBes BRRRER MIPMERE e i ERYenoP) Whenea ThieabRt f or m
lzisngié bisyicas onrtbercieratiés oAtrrps R Rie3PAi¥ALUSN 2R N & QBESHd IGePRES T NI
rubberised polyethylene is on the inner side of the outer liner portion 45. The first
layer 351 of woven fibreglass fabric is wetted with resin and presented to the
interior surface of the passageway or to a substrate applied 1o the interior surface
of the passageway. The resin used to bond the finer 11 in position also has the
20 effect of bonding the first and second layers 351, 352 together,

The tube structure 350 is delivered to the body 25 in a longitudinally coliapsed
condition, the tube structure being collapsed upon itself about to diarmetraily

opposed longitudinal fald lines. In such a collapsed condition, the tube structure

350 can be conveniently stored in roll form.

25 The body 23 incorporates a spreader 355 which confronts fhe oncoming finer
inner portion 43 to facilitate spreading or fairing thereof prior to contact with the
guide structure 41. The spreader 355 presents an outwardly extending surface
357 which opens the tube structure from the collapsed condition. The spreader
surface 357 may be of any appropriate configuration, such as a cone or a dome.

30 It will be noted that the spreader 355 is shown s;q::hér*r'latiu::alh_.rr as a cong in Figures
40 and 41, and as a dome in Figure 48.




I nner portion 43 to facilitate spreading or fairing thereof prior to
contact with the guide structure 41  The spreader 355 presents an
outwardly extending surface 357 which opens the tube structure fromthe
col | apsed condition. The spreader surface 357 may be Y NSWMEMBEFOBED4AL e

configuration, such as a cone or a dom®? 30 It will be noted that the
40 and 41, and as

spr eader 5 4s. shqwn sch tically as a cone in Figures

a dome i n‘g‘ﬁi"&f@@”@!m%‘%’ g@mﬁ@m’éb@&mﬁw ffibesiroctuch 360 eretRBan itse
creat ed innkhen@vsirtied 43 - t the . inner liner portion
43 and outer |iner s:ectizggﬁj4§'$t%g\ﬁﬁﬁ %@ﬁoﬁf%ﬁ?ﬂ'%@ﬂéh"%@%hrﬁ B&hCaibe

i nt r oduc el iiasiuced intsr thet infatioh ahbeheBBE1sw as té Qrd B bR rQIHee" Olnitl-é]pr
portion @Ggﬁﬁfﬂhymi Qrfrder ttso .gai ntajn it in position in contpac W th
t he sgf ace T o whiich OTHE {O MmamtgingL in,aagitien WWheptagheith el isndace he sibih

appl i tihisrtethe isatded Whige tHi bahdi e lapnli ed.nto the chanber
361 by way of a pressure ChanberI ggghgﬁgtegl‘b%%&g@gﬁ)eg%tﬁd of the pipeline

and via which the tube structure 350 enters the pipeline, 15 as shown in

Fi gur es dtheamdfltibn fitie Ry @RFIHRedC 367mi iped b housi ng 364
having an,entry end, 366 and an out ng%rq% end %%BQ%igﬁ %?%Tﬁﬂ%%"@é%g’ﬁth
i nf | ati o RAMIS 1o 23mataller @t amer snck nfitrespipefine tihe vis assel charbar, 362 | S

cl osed t ' L Myl don,pressure in the chanbers 361, 362, there

bei ng pr%’ﬁmg%azc‘gém“ﬁi éapgg'lé‘% MECR RN IfUERe48nang Shd BB pressekl ow
entry of chhstheslItdpisatefinedul ' I chanj sm 369
corrp?;ioses | T Gﬁm seal i ng ﬁ|%ﬁ%&8§gi i%—mngairw#nﬁlééx@?gg?%%?%e.
rel at'i on?ﬂﬁﬁﬂ%&b?%ﬂ%@% Mifbs ediatiohehambec tidie BhO drivgr @t BBBasF -
Each sealy esil.ient. sealing face 373 which

cont act sW@hgri‘r’%}'ffggﬁﬂ’?ﬂggﬁgﬂ@’%?%5% r&?'“ﬂﬂﬁa@% BESSyEh bsthegthamkerseal i s
enhanced 36&c362 dheteebsiegqrdvitiey er 1188 2eaf nﬁ?ﬁﬁ@iéhﬁ?@b Wﬂh%ﬁérﬁ}g] ERE 3E§ fo

out er nos at_thi tage and so there is effectively rubber-to-ru
cont act %@W@hﬁ?@ﬁeﬁgﬁ%qdéﬁgé@rﬁlfﬁét%$ﬁﬁature and the sealing rollers
371. Figure 43 illustrates schematically the effect of inflation pressure

W thin tl’llﬁ i nfl ation chanber 361.
e fluid seal mechanism 369 comprises a pair of sealing rollers 371 positioned in

15 side-by-side. relationship to receive the collapsed  tube structure 350
therebetween. Each sealing roller 371 presents a resilient sealing face 373 which
cortacts the collapsed tube structure 350. The effectiveness of the seal is
enhanced because the second layer 352 of rubberised polyethylene is outermost
at this stage and so there is effectively rubher-to-rubber contact between the

20 collapsed tube structure and the seaiing roliers 371,

Figure 43 illustrates schematically the effect of inflation pressure within the
inflation chamber 361.

As previously mentioned, in this embodiment the body 25 utilises a guide ring
structure 256 of the type as described in relation to previous embodiment and
23 illustrated in Figures 25 to 28 of the drawings. In this embodiment, however. the
guide ring structure 256 is not supported on radial retaining arms but rather is
associated with a retaining structure 381, The retaining structure 3871 comprises a
frame 383 incorporating a cross-arm structure 384 which carries retaining rollers
385, The retaining rollers 385 interlock with counterpart rollers 387 provided on
30 the guide ring structure 256. The rollers 387 are on the opposed side of the guide




As previously mentioned, in this enbodi nent the body 25 utilises a guide
ring structure 256 of the type as described in relation to a previous
enbodi ment and 25 illustrated in Figures 25 to 28 of the drawings. In this
embodi nent, however. the guide ring structure 256 i s HoNCGK{pYBRRE00A
radial retaining arnms but rather is asoci ated with a retaining structure

381. The !r"gctla'kniﬁﬁl szt ucture 381 conprises a franme 383 incorporating a
cross-arm st ruct AWERITERPREH P 108 9wdaimifager2id ever wBRh thENEhdret i Ni ng

rollers 3Ssdeat cThe et COURbRLOFENo Ll Chgs gﬁ{gbggg?@&gﬁ& tﬁé‘reﬁ%@ﬁ&eﬂ de ¢

ring structure 256. The rollers
-34 16 NOWRGBERe (S pectivey relsrudBTimeidges. wWirkith Hﬁ§ﬁﬁﬁéﬁc¥;ﬂﬂ%h§rr%&ﬁ?ﬁf’q ace
e fo

255 over i | NE 1 asses, The rollers 387 conpris er pairs
388 wi % h %m% f@%% %‘h@f%%é?v&?gnresf@\w%SIFH'étulr%s”;ﬁekﬂs Jensgred 1B&Nghr thitges,
Wt h thi dniemtoekingckiilegs BasanmgEmest thadquide! | lied.to the
retaini ngﬁ1 tructure 381 is transferr:%wtgﬁrgt%%tﬁ e&r% ?ﬁﬁ'er?bé%”n'{j“er Plers
385, 387 TWAHEYGIEAROTY Hgatachipst ter hepBrtainar strwclire@850tor RaiRAGAMST he
body is @Lﬂiﬁ‘%?’céﬁeﬁ' retai ner structure 285 for application of a
pulling force thereto. The path followed by the liner 11 between the inner
| iner portion 43 and outer |liner portion 45 passes between the

i nt er | ocKinagL4i8lf shown in Figure 10 40, 41 and 48 of the
dr awi ngs. ”ﬁﬁ“ ol Qﬁ@%‘fﬁ??“?ﬁ@*"‘ffﬁs?ﬁff%@;egeegrﬂlmm@més a6l NEesless, 367
i n i nt er PORKIMA enagage etiveeh Nhé e rveing rhferg OTHIL Cld b, n dhe
ret aiﬁl}erer trLHct uc{)g 3%1{ and the qguide ri n% rﬁ’ﬁmuf?%%ﬂﬁﬁﬁé’% Fit"EH{fgrfere
wi th ¥ néPaflANHA8 &F hedravings. Mirtheowardsgheadineor lofagdee bateenhass,
387 aboutglidi€izgs, B8P RS &t - ' axes allows the |liner 41 to pass
bet ween &he@iriorl I er§r g’iﬁthg&i@% %hé%g%eﬂfa%ﬁ\'w”é?tﬁﬁ Py ssyendietweenr t ed
and i nst Hi9 Bdaingr pysciure 381 Rguthe ddde irlnbUusid-ad sy ' .pat h
foll ovvedl- ! rtagg tL‘bﬁ.@sﬁruct e SSO@fin thléJ i nst al I%?gﬁgbpgﬁ‘le%ﬁe@ﬁgﬁ
retai ni nf & Puel el §8iNginc |l hgedtalinge articro of vihe ohllerst 385 ga8 Astbcutahbiner 41
as it paspesieyebtatibBaldst : f..the guide ring structure 256.
20 Whil e not shown ETiln The %f%%égg%ﬁ'ﬁg’sﬁgﬁ %Eig?]et’f”ﬁreg t@%ﬂé‘ﬁi?ﬁeﬁ% theycl udes
an 19 liner is drawn into the passageway, everted and installed in position.  Figure 44
illustrates  schematically the path followed by the tube structure 350 in the
installation process.

The retaining structure 381 includes a seal 391 which acts against the liner 41 as
it passes over the guide surface 255 of the guide ring structure 256.

20  While not shown in the drawings, the body 23 in this emboadiment includes an

installation head having the features of the installation head 25 of the first
embodiment,

The embodiment shown in Figures 49 and 50 also utilises a guide ring structure
256 and a retaining structure 381, as was the case jn the previous embodiment.
25 In this embodiment, however there is no interlocking or other mechanical
connection between the guide ring structure 256 and the retaining structure 351.
Rather, the connection between the guide ring structure 256 and the retaining
structure 381 is a magnetic connection. Specifically, the retaining structure 381
Incorporates an electromagnet 401 and the guide ring structure 256 includes a

30 section 403 of magnetic material. The electromagnet 401 is adapted to be




installation head having the features of the installation head 25 of the
first enbodi nent, The enbodi nent shown in Figures 49 and 50 al so utilises
a guide ring structure 256 and a retaining structure 381, as was the case
in the previous enbodinment. 25 In this enbodi ment howe\eNOWVEMBER 2004

I nterl ocking or other nechani cal conné&ti on between the gui de ring
structure 256 and the retaining structure 381. Rather, the connection

bet ween t'ﬁ'@e&'ﬁ%d@ Hiehgertraluereniag 258 ahdhe Igeideetiag nitAgteet PES UBR8de1 S a
magneti C ig e I f.i.call h ef.ai ning structure 381 incorporates
an el ect rofr?ggﬁﬁd ?&%ﬁgﬁﬁ {hﬁeggg¥r8ﬁ%%ﬁg ‘{s(ﬁr ufi® SEe finduabyclIrea@afect i on

403 of ndenafers amudinglforedheppdibd cbr @eagighind0dird -5 16
NOVEMBER s%g.g:gurré 'veél in t epgentral openi r?gi %{é%&gyt%ﬁgqgu%%egﬁﬁﬁdm]g
structure : %@n@f‘ pence ing B34y 83 bet ween the el ectromagnet 401 and the
guide ring structure 256 transfers a pulling force applied to the

| 381 to the guide ring structure 256 and hence the body

ret ai ng, stru e
23. 5”5A 8%@330%5%%% e oyidedng istiyclre 286uard MES retathitd etrietuas Had

struct ur exr36 ' f t | i ner..11. The gap 405 i s nmmi ntai ned
by rol e?sf 4%%3 pérmqjt?rﬁe r?ﬂ@?ﬁ% 1)1{19 ?g?ré d49# {Sng'ar”@g' &l Ry rallge 4uct ure

256. The M@ufited pruams 408 aeietanise rétmingFihaetndhPeofss PR ?@%‘?ﬁ gl
carried ol %Hg {lgﬁaipi ng S ructgfuée 381. e rotating nature of the rollers
407 permt? Bpt 1€ 1 yirianes 414 o ar ae@adened Voloastiad 40V tamdetdisingur f ace
410 and shacspscrrder TA S iated that the scope of the
invention is not |inmi t%gﬁidéh?h@gtggg%%?&[eﬁé @Zrﬁ’%ﬁ@ﬁﬁ}%%mﬁﬁe pass
descritbefetweripHia iadareatd ant the hotibce 0 undehs spashderagt; t he i nvention may
be used to Iine any suitable passageway and is not limted to pipelines.

For exanﬁ!e, the invention may be used to line tunnels. 15 It should al so
be appr edisicad baspprédatapthabtnessaopye diethysedbrtnl i Mot Iﬁﬁt%%%%ﬁ%%%oﬁ%her
| bed.

t han tho s | ar, cr.oss-section jn the enbodi nents descr or
exanpl e, 8?%@‘:‘{ géb'é'ﬁgteﬁ'%b%ﬁveﬁg E%‘Efﬂ%‘%?l-l imeagdistargehyiow be understood
that the invention may be used to line any suitable passageway and is not limited

to pipelines. For exampie, the invention may be used to line tunnels,

15 It should also be appreciated that the apparatus may be used to line
passageways other than those of circular cross-section in the embodiments
described. For example, the apparatus may be used to line passageways of
rectangular and triangular cross-sections.

Throughout the specification, unless the context requires otherwise, the word

20 “comprise” or variations such as "comprises” or "comprising”, will be understood to
imply the inclusion of a stated integer or group of integers but not the exclusion of
any other integer or group of integers.




rectangul ar and triangul ar cross-sections. Throughout the specification,
unl ess the context requires otherwise, the word 20 "conprise': or

vari ations such as "conprises” or "conprising” will be understood to inply
the inclusion of a stated integer or group of integers BE&NDGEMBER 2004
exclusion of any other integer or grou‘p3 f integers. 16 NOVEMBER 2004 The

Clains Defining the invention are as Follows 1. A nethod of lining the

interior sihbalhaink DefMimead he nethod conprising; advancing an
appar atus al ong the passa e\/\gyﬁgﬁghgf'ﬁé'?aé IoW8 of 5 material is noved

over an inner surface within the passageway so as to result in materi al

fromthe vol uvenhehay & ively applied to the inner surface;
confining the materi al ngﬁ{ a’?hghﬁ?fﬁuﬁﬁﬁ%ﬁe nélt & ipgsshgesaw tthi Nastheyd di ng

chanber so asampigingior dered by the inner surface and being substantially
10 within the bounds of the |ongitudinal extent of the apparatus al ong the
passageway, delivering material to the holding chanber as the material is

progressi vel y askghtied an aﬂi]:iarbmgeg]oﬁ@r E@%Fﬁgﬁg?‘ﬁé‘?%ﬁs v I%/ \}Drllq?%gl rlz:ri! ng a
a nhlazr a S

flexiblge Iiner to_the inner surface such
t her ebet ween, PR ROYEE s AMipnes seirisicen dithhethel &@ﬁ'tg@wgr}n% Sy f ace

, c— o]
conprises the rédilein Satsiyf e ssageway. 3_ A net'hod-according to
claim1 wherein said inner gurﬁggée ”%@%%%’PH&DWF%ESI%QJEWM taght iisekrt 0

the interior sBHFf&a@® of the passageway, 20 4. A method as clained in claim
1, 2 or 3 including renmoving air fromthe holding chanber with a vent

system 5. A nethod as clained in any one of the preceding clains including
neans, the

W pi ng excessc@rfining dhe imatarishes ithaethesiyf,AGE M a_ spreader ,
Wi ping occurring as the apparatus is advagﬁgdog%ﬁ%r'qlﬁéspﬁg@ag%m'”Q
€' 50 as 10 be bordered by the inner surface and being substantially

10 within the bounds of the longitudinal extent of the apparatus along the

passageway;

delivering material to the holding chamber as the material is progressively
applied to the inner surface: and

pragressively installing a flexible liner onto the mner surface such that the
15 material lies therebetween.

2. A method according to claim 1 wherein said inner surface comprises the
interior surface of the passageway. |

3. A method according to claim 1 wherein said inner surface is defined by a
substrate applied to the interior surface of the passageway.

20 4. A method as claimed in claim 1, 2 or 3 including removing air from the hoiding
chamber with a vent system,

5. A method as claimed in any one of the preceding claims including wiping
excess material from the inner surface with a spreader means, the wiping
occurring as the apparatus is advanced along the passageway.




- 37 16 NOVEMBER 2004 6. A nethod as clainmed in claiml1, 2 or 3 wherein
the hol di ng chanber is one of a plurality of holding chanbers and the

met hod conprises: advanci ng an apparatus al ong the passageway such that a
plurality of volunes of material are m)ﬁgd over the i nderNSWEMBERt Hr14€by
causing 5 material fromeach volune to Be " progressively applied to the -

i nner surfa&cea gpfd i he ,material so that the each of the vol unes of
material lies wt mdrg]éggrraﬁelgsgd?i ohe? Bf 3thwf¢ﬁrpfnmmcﬁlﬁingfcm,hp€%ﬂg D(h@atﬂ.ber S
ial'ly wthin

so as to be barndenaby oftholdiRg cha ei ng substanti
the bounds of the [ongi tudlgnal Hg:{ftr%ﬁbagﬁgﬂﬂegﬁl%%ﬁﬁ?%ﬂﬁgsal ong the

passageway; and 10 delivering material to each of the hol di ng chanbers as
the material i sadyarmiresei uehyr I':f,@ the inner surface. 7. A nethod as
clainmed in claim6 wherein ?ge hol cﬁln téﬁ%rﬂ?@lségﬁW@Y%mata@apmrﬂipm t he
passageway so tfiatMEReOhHEatenall ates mxmquepibrlhey iaRg! jsn?f‘i'aéé’ tﬁ%%&yi nner

|

surfacebas the g ' nced, 15 6. A method as c¢la i A3 m 6
or 7 including remrﬁgﬁja%%:tf%:éﬁ‘lm%gd H%I%Wfﬁﬁswﬁbfrmlfﬂfedmttﬂie Mg RLrfaYst em

9. A nethod as clainmed any one of clains 6, 7 or 8 including w ping excess

material from | f 1.t h spreader neans, the w ping occurring
as the appar aﬁgﬁ?@agg\?ﬁ%:tgagg?% t¢hr caeh o fwnagiines dfmatd e idoditRs
f

claimed in cl a@nieSpabiiveedne tohens PIRAFE" conprises a plurality o
fl exible seal sbgdtyacent each r esgect i geﬂfhol:i @ﬁﬂﬁ%ﬁb@%@ﬁp 5151?0 he srderdas
n

claimed in any ofMMeSHfanee @indg belngi sabstaRfiSih Wilken TRLER caonfi ned
in the or at Im’qtugmgpe%%nmﬁgﬁnbers I S subj ecy{]ed tow\&léb{)g@{]%% rC’gsﬂ"“a‘t he
appar at us advancés. - 88 a58HE AoNg Kepassegenmgoadiing to any one
of the preceding clains wherein the liner conprises a plurality of |ayers

and tH@ net hody4 ude nding the | ayers
e ddélﬂfélrrHﬂ &al?é)r%q 29each of the holding chambers as the Material is

Progressively applied to the inner surface.

7. A method as claimed in claim G wherein the holding chambers are spaced

épart along the passageway sc that the material is sequentially applied to the
Inner surface as the apparatus is advanced.

15 8 A method as claimed in claim 6 or 7 including removing air from the holding
chambers with a vent system.

9. A method as claimed any one of claims 8, 7 ar 8 including wiping excess
material from the inner surface with spreader means, the wiping CCCUrming as
the apparatus is advanced along the passageway.

20 10. A methoed as claimed in claim 9 wherein the spreader means comprises a

plurality of flexible seals adjacent each respective holding chamber,

11. A method as claimed in any one of the preceding claims wherein the material

confined in the or at least some of the chambers is subjected to vibration as
the apparatus advances.




one to another as part of the liner Installation process. 13. A nethod
according to any one of clains | to 12 wherein the finer is delivered 5 to
t he passageway in the formof a flexible tube structure, 14. A nethod
according to claim 13 when dependent on ¢laim 12 wher ei N6tMEVEMISER 2004
conprises said plurality of |ayers and whBrein the | ayers are positioned
one about 1@nat orm.the tube structure. 15 A nmethod according to
any one of '?nhg Efég%%%ignc GEa”&fi?ﬁ’E e o8ienot tee |pressding oldifsa %mhetgl it hin
t he passagewagomnpdeesiz bﬁ@éﬁtytd‘]ﬂqa %gééﬂ nal ﬁect_i ons o 'exi Bl Qeni®ri al
havi ng t he Ionﬁi ﬁudi nal edges t hef e6f ¢ dBetedpiaciusendebnding the japgther
to formthe |PHerS 2rethepanpenon the tinedinatalbgos bt Bskd further conprising
delivering said at |least two |ongitudinal secPl ons of flexible materi al
into the p?gsﬁﬁg%vygy and assenbling 15 said at |east two | ongitudinal
sections of*”f pd aggpastingio Ewbﬁéfﬁftdbﬁnﬂgiﬂfgm%ﬁﬁ%gr%tsgod according to
r

any one5of thgy ' | ai s wherein the |iner gepodiivesed e
eversion to pro@%?@ggérﬁhlq% Ak tﬂgr{%’imﬁf)ﬁtﬂ%mle frbeosthagtudg ner  portion turned

back with respect to the inner finer portion, and an everting portion

bet ween t hgy ian er liner portions, the outer |iner portion being
20 progressi velﬁ?ﬁ%%&]pg?% g 19413m hhahesddendeaton RE2iPVEY IvhBER L 100, Of

the liner adoampciessalanaiiri S 8, A method according to ¢fai m
17 wher ein thEth ner.is ?aus@gn?olag%%%ﬁ?ﬁmsﬁh&ﬂawmt arnposjtiabeditore

gui de structf Hthestacfermdbe eube strtiktgreappar at us  so that the gui de

structure advances with the apparatus. 25 19. A nethod to any one of clains

1 to 18 fygther conprising the step of delivering an inflation into the
1518 e,

regi on of 80y ding tohamp onbeoff ' | . has . been installed to
prgssmhe fi dQerhinLg mégﬁte cgﬂt act v&h??\b%ggganbzﬁéﬁ%l%%@thgﬁhrm)\,irENBER

2004 20. passageway ByPassrewen feroartdeagt tvn 1006 Pl et Al | to
19. 21. An dimalatiatdian hashig the jdN ﬂgd@%ﬁ interior fﬂ}(}f ace agfseghgg‘{;s%ggeway
with a flexible Liner, the apparat s cORbFAgeHdnerechaelapted thdienpiaetyanced
al ong the pd¥&lgaRgiher o form the liner,

16. A method according to claim 15 further

longitudinal sections of flexible material

comprising delivering said at least two

N . into the passageway and assembiing
said at least two longitudinal sections of flexible material to form the liner.

17. A method according to any one of the preceding claims wherein the liner
undergoes progressive eversion to provide an inner liner portian, an outer liner
portion turned back with respect to the inner liner portion, and an everting
portion between the inner and outer lirer portions, the outer liner portion being

20 progressively applied to said inner surface as the everting portion of the liner

advances along the passageway.

18. A method according to claim 17 wherein the liner is caused to undergo

eversion by turning about a guide structure that is connected to the apparatus
80 that the guide structure advances with the apparatus.

25 18, A method to any one of claims 1 to 18 further comprising the step of delivering

an infiation into the region of the Passageway in which the flexible liner has

been instalied to press the liner into intimate contact with said inner surface




5 an applicator neans for progressively noving a volunme of material along
an inner surface within the passageway as the body is advanced thereal ong
to thereby progressively apply the material to the inner surface: a
hol di ng chanber for containing the volung of material, tiBaNOVBER fdgnber
bei ng bordered by the inner surface and‘%%rng substantially within 10 the

bounds of tjmt_aglm’ l..nal tent of the applicator along the passageway;
and delivery neans apgwagz’r“?%ﬂ Y aibed acedrding mmm&bﬂagﬁﬁ'@qng as the

material is progressively applied to the inner surface. 22, An apgarat us as

clainmed i ngq!ghn&éﬁ%%ﬂ@rﬁi n the applicator means is for 15 progressively

moving a piurality of VolUne® 8t "higethealntaiiangutie bane as, t he
BRSIAARE, in' ]

body i s advaniedsielipeg thEerpa .. .the material ther
progressively applied to tﬁg faﬁﬁgr fs%r”ﬁ@cge wherein the hol ding chanber is

one of a plurality of holding chanbers each for containing a respective

one of the pl urBbdy Sorteivg b4, ch respective hol ding chanber being
bordered by the 20 inner sggr?ace eﬁ%‘)ﬂ%it%ggmﬁ}‘i{ ally within the bounds

of the longitudinal extent of the applicator; and the delivery nmeans is

for deldveri ng amegmiiical sagh hol di ng chanber as the material is
progressi vel y appl‘iﬂ{ad tO(;trI?%ae mE Pﬂﬂrﬁﬁﬁ"lgg@@ﬂ‘ggg arplappafahaiasahgigfed in

claim21 or 22 WRsrseifiace vathanp phas %&@d%ﬁ%&r?@g@an éﬂgéﬂﬁég%[aﬁ%? t\[/jel y

installing the ible |iner onto the |

mat eri al appligfjér%yfb‘)ﬁ%grﬁﬁﬁl"?%’wﬂ’f@aﬁstariaém theangdeévee: - 40 16

NOVEMBER 2004 24, Apparatus according to clairn 21, 22 or 23 wherein the or

each hol di ng gh nltéer hgs an i nner periphery defined by a wall of the

appl i cator. 25 &f) Hl6a COBMREE ohonli ertaiping dhen ‘&ﬂumebﬁirﬁaﬁﬁlia? Wtﬁ@{;{g
1exib Il is

flexible, 26. #pnabatbsin | clai m 25 wherein said
adapteq to be 5 vibrat eg%?a‘%%‘}ﬁ‘e infler SiMace anq being substantially within

the bounds of the lengitudinal extent of
passageway. and

the applicator along  the

delivery means for delivering material to the holding chamber as the

materiai is progressively applied to the inner surface.

22 An apparatus as claimed in claim 21 wherein the applicator means is for

15 progressively moving a plurality of volumes of material along the inner surface
as the body is advanced aleng the passageway. the materia| thereby heing
progressively applied to the inner surface; wherein the holding chamber is one

of & plurality of holding chambers each for containing a respective one of the

plurality of volumes, each respective holding chamber being bordered by the

20 inner surface and being substantially within the bounds of the longitudina)
extent of the applicator: and the delivery means is for deflivering material tg

each holding chamber as the materia Is progressively applied to the inner
surface,

23. An apparatus as claimed in claim 21 or 22 wherein the apparatus includes
25 means for progressively installing the flexible liner onto the inner surface such

that the material applied by the applicator means lies therebetween.




27, Apparatus according to any one of clains 22 to 26 wherein the hol ding
chanbers are arranged so as to be in series, in the direction of

advancenent of the body when in the passageway, with each chanber being
open on the outer periphery thereof. 10 28_ Apparatus dGOULNMBER /s ONe
of clains 22 to 27 wherein said chanbers4dre separated one from anofher by

a flexibl e Zliagh ' 9. paratus according any one of clains 22 to
28 wherein i nﬂgjgggﬁtﬁga%]?ﬂﬁéélnguﬁg&%%@ev’cb?r siromt%@-@gyitg% @mmgi@ﬁﬁeli%fl j ner
e t

portion, an o@Gbamber has apdnhé ,gmé n.everting portion dingner
and outer liner portions, the[q%be r %QEB‘FECF&B%%PMM@W@@ at | east
partly defiggeg by the everting portion of the liner. 30. Apparatus

accordi ng - BppanatZOavhiRignot further includes a guide structure
about which the liner tur n@toﬁﬁﬁ?‘gé’h&mﬁ%mm fleyolplar at us according to
claim 30 V\n/grein the guide structure draws the everting portion of the
finer al ondb.thEpgrarragemdyirdSts g gujde structure 20 noves with the body.
32. Appar at us_acgqordi ng tolngntf/) @%ﬁ%gﬁhgi’% s flexidle whsir i aﬁuémgﬂtwdﬁ%/e

I ncor por at es vipra ‘J-very sl ot through which the everting |iner passes to at

| east partly define the rear end of the volune. 33. Apparatus according to
any one Of&flg‘l%i m 21 to 32 including venting neans for 25 venting air from

the or ea PEEHS hatadirtiog clrarber Sne -4l MBER 2004 34. Appar at us
of ela o0 ne dhplehls :\@/tgﬂegfgdwenew dhe holding

ding t
articul ated ShatpRiEald ATeRoehepias taties frosenentin &MH#@&E&WB%@‘%&O%% rit'{ 0
g the

directional ochimrgBsdewHand; r nd bends. 35- Apparatus
interior of a tpassagﬁway V\nﬁttﬁgé Efélsﬁggwﬁaaﬁ‘ﬂtgcﬁﬁf?@ CRbeebgngesassbanhat an
everting end®{'REPBBPN&rRy thermafde an inner |iner portion. an outer |iner
portion and an everting portion between the inner and outer |iner

porti paratus conprising a body adapted to be progressively noved

oS, he ap
al ong 'tljhez &%@Wﬁwdjhg%ahyim SMaitiy 25 4 b?%he?-ort ion on an inner

ein said chambers are

surface
separated one from another by a flexible sliding seafl.

28. Apparatus according any one of claims 22 tg 28 wherein in use the liner
undergoes aversion to provide an inner liner portion, an outer liner portion and
an everting portion between the inner and outer liner portions, the rear end of

15 |

the volume being at least partly defined by the everting portion of the liner.

30. Apparatus according to claim 29 wherein the body further ingludes a guide
structure about which the liner turns to undergo eversion,

31. Apparatus accerding to claim 30 whersin the guide structure draws the

everting portion of the finer along the passageway as the guide structure
20 moves with the body.

32. Apparatus according to any one of claims 29 o 31 wherein the body

incorporates a delivery slot through which the everting liner passes to at least
partly define the rear end of the volume.

33. Apparatus according to any one of claim 21 ta 22 including venting means for
25 venting air from the or each of said holding chambers,




wi thin the passageway as the everting portion advances al ong the 10
passageway the body conprising neans for physically contacting the
everting portion of the liner to regulate the rate of advancenent thereof
along the passageway 36- Apparatus according to clai m 38 Ne&/EMBERZGD4
means for physically contacting the ever‘Tt"ing portion of the liner is
adapted to gra t he everting portion of the 15 finer along the passageway
and t her eby ‘?'e%\f?}?%'@g‘st ABCHTENg 1 abvwaecehelaims t2fetoe 68. whdre INDDRS BOYS is of
according to j | Sal for physicall ontacting the
everting portféorﬁb%%?h\g&ﬁ%ﬁg&czﬁ&%r ﬁ{@gatg @u?‘geé'x‘%@tr @@%Pg RSt EXser the
liner is adaptdieectionaloharpescagbasasteheisoihd hes@of . 20 38. Apparat us
according to claim 37 wherein the guide surface extends between first and

second boundaries with at |east one of the boundaries being arcuate,

char act er i s¥d Apparbts fdreliting theumgatdress ar Ea@éagﬂd&h? AR &l hrg(eregg%#elgsgcgt By

further erein the egual,ity of length of the two boundaries i's

one of The P&ngﬁ% eISirhgt ap Eéfﬁftl‘lﬂ)ﬁﬂélthweof ¢ eraide Eheingﬂi‘ lﬁ@erspldiiﬁiaﬁ__e
aving a 25 fwntdhae El,{]-ltﬁﬁ-[ rQf i ; t he t oundaries, the two
si nusoi dal  pr of i | egf%aei ng lgﬁtlangféﬁp%%@épghﬁﬁﬁr}h%%h’teﬁ\éqp?éndﬁsa%fﬂ'@&éHﬂer
profile are aPRiias, appanabist somprising b&ey anaelell 8 Hen H@%ﬁhf&f%ﬂ% f
novenent of t iper _over th ui de, surface. 15 NO\/EI\/BDER 2004 -7 4 §1(9)
Appar at us acc%&d%@%t %EWEWHE%B?W@FEHF%”%WT@ﬁBemn@rﬁi@hmrt B iguerdsurkasef ace
I's defined bywathgui g rbig Iag t Lrcunf erence, defini ng one, of
the boyndaries and an F{i]nng?éﬁa?cu%net?gn%%@qcnﬁ%gmﬁhead&aﬁg?s bé‘&ﬂ’tﬂar&h.‘e 40.

Appar at'is accBAEFIFWAY. atie omslyofcamjrisimg 3menas 3Grwvpeksickly tbentheshg itﬁ'e()f
to

5 articul ated ruct.i .aci litat venent thereof when expose
di recti onal cﬁg%giz' ngﬁ{éﬁ?gﬁr?eoprﬁ%r@ @HHE’IS% rate of advancement thereof along
the passageway.

36. Apparatus aceording to claim 35 wherein said means for physically contacting
the everting portion of the liner is adapted to draw the everting portion of the

15 finer along the passageway and thereby regulate the rate of advancement
thereof.

37. Apparatus according to claim 38 wherein said means for physically contacting
the everting portion of the liner comprises a guide structure about which the
liner is adapted to turn to cause eversion thereof.

20 38. Apparatus according to claim 37 wherein the guide surface extends between
first and second boundaries with at least one of the boundaries being arcuate,
characterised in that the two boundaries are of substantially equal length
further wherein the equality of length of the two boundaries is achieved by one
of the boundaries being of sinusoidal profife and the guide surface having a

25 further sinusocidal profile between the two boundaries, the two sinusocidai
profiles being out of phase such that the troughs of each profile are aligred

with crests of the other profile in the direction of moverment of the liner over
the guide surface.
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39, Apparatus according to any one of claims 35 to 38 wherein the guide surface
is defined by a guide ring having an outer circumference defining one of the

boundaries and an inner circumference defining the other houndary.

40 Apparatus according to any one of claims 35 to 30 where in the body is of

articulated construction to facilitate movement thereof when exposed to

directional changes such as corners and bends.




