WD 2005/ 005873 PCT/ US2004/ 006161 FUSI ON PROCESS FOR
CONDUI T BACKGROUND OF THE I NVENTION Field of the

wo pws038e [ 0001] The present invention rel at eBCT/US2004/006161
generally to s ms _for fusing or joining conduit or
pi pi ng secti onﬁ?i}si%Pgé)%Wfﬁ}%p BT de piping
and, in particular, to a fusion process for

effectively and permanently joining a first conduit
portion to a sBAOKEGROWNID OFUCHE DNWEN®ON i pti on of

Field ated Art [0002] Conduit systens are used in many
e Fear8hs t hroughout the world in order to
transfer or convey material, such as water and ot her

fluids, fromlocation to location for distribution
[0001} hrBhggrresent ivendysradates Soreralyaiopiysieme Xoefisingeorgoming tonduit or

poing YEHGIE B0 0 b DBl e SHRELD = asion process
effectiveye@E pREmankyifly fething a firSileAdGOPekioh 1Ok stoRll BEhEYSIRHBn.

are | gcated underground, as aboveground pi pi ng woul d
Descripgion ghRelaigdAiht | y and i ntrusive. [0003] In general,

t ' - 1 ; erial -t hrough .
o002 XSS 8 LP AR AABAE LAl B in orr
transfgrast canveyn materddlj bweehi asowater e@nd fotlied ethidy Medreti6cation to location for
g .bCﬁmsE - asbest%?, etc: _The pipes are buried,
1StribiHoR ]E'ﬁoB%l?’Ril,t HF C¥ieHe Betafremude csiemiiengidait \aypiegsare used to
distribdid ®&det ' Siidsbbst ﬁl% YTypi
after rr%?o%gﬁgeg%%s %ﬁ?ﬁor %grfggggréqe&édtj ererr@kaa{s:%gﬁ%é'tggpmally’
such dopduigyop pimdngispiterys fii losatad dinbegicuads a5 hteakgrotihé piliye would be

reduci ng, .| j ne_pressure and unnecessarily allow ng
bomuﬁﬁgiﬁy?rgilpkﬁwgnt o the area surrounding the piping.
[0003]SUGR degaks witdr RRbYit 39dtERS bR ortSHSEAM thi:%%ﬁ!gh?;;iﬁ\%\lﬁir%%lufacmred

i ncrease the processing costs of the supplier,
from vagoygymateriplce 8ases ironeducsiteliros geinfustdconties, ebmert-asbestos, etc:

e RS BB S P T R BRI AL e
to readhr the end eder. [NORHI1yDeifert Barih Pean 8Lnig, oHAE BRR Jth@re®on, the in-

- the conduit system repairing a | e.al’<i ng pipe is
groundy piing ddilsy pid beginy 19 deakn Sheyebyarrdueingdinsopresmuirargnd unnecessarily

allowii{é GRENES l%&?ﬁlt&ﬁleg#ga @L&r?&&dﬁx{é[ethg :;)?p%hé%ciﬁxﬂ?#soc%ioﬁgg Q&ect the

eak and effectively repalr or°to
systenpibpe alsachcrease she piozessingacdsmust theisnppiger SwiicBM fhay,Eincreases the

., been deyel oped according tqQ the prior _art in an
end usgy Fsfpt Fhigelooe i 18%% fﬁbst%ﬁi PrclYY repafehand patveRtsve measures

taken tb@h4i88 tHaA Rtk RaRARIE prafBgbMer to repair a present
crack or to. preventatively ensure against future

[0004]cr Bkdo dire wrdsagreund positdeti of tha ,condutesysterh, whesiehy a deakirgdpipe is
. [ler .dianeter pipe wthin e |arger di aneter .
partionf 18 SleATTE Rt R Salthiing . aeiGhSt TS 56 B9 ehons e pipetine to
locate RS RhY ah€RIfREREl} Apakr@pHEMObuRingtAC e Widkah RHR&. Various

.. with a cracked or _
lining systems have been developed according to the prior art in an attempt to seal a leaking

pipe or a pipe that has fallen into disrepair, whether to repair a present crack or to.
preventatively ensure against future cracks or breaks. In addition, a method whereby a much
smaller diameter pipe within the larger diameter cracked or broken pipe has been used.
However, this merely replaces the problem of a cracked outer pipe with a cracked or

otherwise leaking inmer pipe. Still further, using such a pipe-in-pipe system drastically



ot herw se | eaking inner pipe. Still further, using
such a pipe-in-pipe systemdrastically -1 WO
wQoB500B35873 PCT/ US2004/ 006161 reduces t he f|PET/US2004/006161

t hr ough t he. ndui stem a V|dences unmanted and
reducespg ?ﬁ& }%&%‘%&Jﬁ% coe%%%e{ee} &n F BR9°S FEWERSH 2B yarydng pressure
paramPieRe | iner and nethod of installation have been

devel oped, as disclosed in U S. Patent No. 5,794, 662 .
[0005]t o Tt thaOegd, etpipt linespedihetbad [of diteBaticadhtve been developed as

disclo rgﬁﬁmjgl égfgﬁt@g‘% Jédék?%f&ig %J{ ﬁlg%é %Pa - éq')l;ilgﬁ. Sgy élgﬁ%pd to pressurized
plpehﬂel HfpFicatioMB! erhel $NemglHalabid diRRFed RNHNEERY oF SBEMBNERE: lines,
| iner of reduced size relative to the pipe being

water ipési eegds lilpsaene bsesassegmpnise dintooinsdeted sizsaelafiye ththe pipe being

relined nﬁowtegefragsﬁt S %:(% %gfé}ie{e?y Fe%{fltn \ﬁu%] eraa tfhhat%heterg{r%r &rbdént within the

large diahetet oﬂt%ﬁ&oﬂ&l@ﬁl thangétasd pf 8RSt ©1lg@gat6iﬁ| whet heat Q€ Bbssure to
si ze péfe to the shape of the pipe being relined. In

mold thg redused size pinsdoithheiape of the pipe beipgdelined; dn particular, the inner or

e QTP BBy BR L Ay RN RS e s, e

expos@ixipdm.’is oapetssme, dxpaghiandtmblie ag:nﬁstdbe afsiderofeani &isting conduit to
uit t effect the relinin f Thi s process
effect fiTeing OF it gt BHESST ot fg o Geds Sipieed e Rt Igreth of pipe or

only afﬂbﬂﬁmcdf it t‘HQﬂ i¥ d@mP&dt Wﬁfbhqg typicall) ¥ feired HATRY OFM]’I"J €h
typically refefréd to as "spot repair.

» [0006]AC émcdndngg toothbffé Snge Oniget, pacetite, length eftthe llhengmkiuxbfls inserted
lLiner .co i.nserte i nto the ex stl
into e B R P e dFRE ShaaH: 1 Ropi g gt o8 pRbprposed to
steam @NderdfdssRxP RS Béht e 1iftCedNRAEnd 1t Qéﬁ%ﬂ? ah® PSPt prefifre, which
[iner conduit along its Ienﬂth and apply pressdure,

urges e ekpangr @)éscomtact &eemaﬁd wahs| of thet swetoundiag |hnstecrqndmt Once the

liner cc\é\%{# tﬁl}a? ﬁﬁﬁ A %gfp%#%edotu nd' H%ﬂ ij te 1% end usrutﬁ{a{;% of ﬁlg e?iﬁ.pgg Ic%rlgcfult it 1s.

cooledsaﬂdf e eplags &ﬂa&eﬁmtféd I MYe Gesultitigl expahddds lingOna6lit FBEERE to the
gs are renoved. The resulting expanded liner

walls GhiHE PR SaHRibr HE1cbt PRFHENT DERTE NFher N kABSt AlOn s msthod of the
St. Onﬁeﬁﬂﬁgﬁr c?([lf‘eﬁ %ﬂf}) t?&lc to o rdhg &f eiliRPKADGE th@‘ls?c‘ﬁo? ‘r;cdéﬁ% Fep gured.

ge pat requi res on ‘
[0007]t o Wialedihg St Oagd pmnteapkesﬁnts d&eamm:é nmhts@mbﬁ reBiap o depairing
ile the St g?mgatent represent.s an advance

0007 )
underg[rglur{dhg t gyistems; It}}ﬁrﬁ g e‘ﬁaﬁhpl % o, 4 parlwé JRwrovements and
advan&:ﬁ{éﬁ’fé' ISpRY BB in LRRE & trén Qﬂ i BndeR8n@ Mletf &nduit within the host

ditional i nmpr ovenents an vancenent s.
condms;ﬂac: heredndyit must be dmnufa@turccians mtlbnsamdportlem twiti¢heare typically

l,i ner. condui.t within the ho cond
much sHoEF iriOfit iadhe Bl b i HRR6 inECaRM b Ieeelly sy ortions of
the linwhdogBuid st Yeddmakdtyd ofdinelas SOliteR Conduil 16 76 #td Mamobt®nduit. In
final and intended |iner conduit | ength. Therefore,

additioge theropifsn oed fonhe|dbrily te sprnsct mulinle sagibo i étm lémer conduit via a
it R AR g L A RS e et o
the joihDareareeeid thel drigihd doadgt ﬁﬁan@ﬁ‘tert hEhd useef ERMEHIE and icdn@ectable
conduit pieces is useful in many different applications beyond the above-discussed expansion
application. For example, the use of multiple and fused conduits is particularly useful in the
case of sliplining, wherein a slightly smaller diameter‘ fused conduit is inserted into a larger

pipe that is in need of rehabilitation, but that does not require a full capacity for flow. In this
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joint having the strength of the original conduit and
whi ch does not increase the dianmeter of the joint
W(arztmalotmy&)nd the ori gi nal conduit dianmeter. ThRCT/E82004/006161
uit | eces in

case, (b DT LART 1R RiasE By hol PiReSdado Ve Rt rsnghc space

betweeiX BRM@NON afPMeHo8E pif8lis QI WHREANSW.strbigh lé?cﬁlt o Polld the new line
nmul ti ple and fused conduits is particularly use

in pogifign. cHewewt. ¢he slipling, Prfmféif anay aecsmregmel yses pfil lines that could
T toalarger pi pe

acconﬁl] a?far%e‘ﬂﬁigaecf; ?e‘%;l gH}l’elL ?C%?mS But that does not

[0008} edquised anfluik | is Cﬁ?lslcaCﬂetp)!irefdoﬁnfwl'e@i/éius|dSth&:x’n|a§p11(ra7£iox\(§,O such as in a

005/ 005873, PCT/ US2004/ 006161 case, the conduit is
rehabl,lzjtﬁtqogoapp caion. ey fhepfuged joiputs Rspdrigt coeﬂsaﬁféwaewth |anhorizontal

dlrectlggilzdrglf}%%ﬁl;ogE% T]‘chri)%&@thoﬁ %Frff!? %\rk_ fso? ?‘%%q éro %&j ?%cb B3} b steered

in a prehige nemnén nesonirol @Pesitivh and akipwesier Aﬁditehesjalllcpllhom 3Gomplete, the

o T T R AT B rpmer o
The diil@tiHing {sMuﬂFH %guﬁpﬁig Wkil1 thdd sél@m% SOY b5RAi R place. However,

varl ous Ot er app I catl ons, suc
this pyoshsbidahires pdarzap ghillciat pesommveteethe mhehaﬁluﬁbdomﬂmgﬁ dndl joints

| wWith a horizontal directional
manufg %Fﬁn"é@g %@sﬁ@Thl s method drills a pilot hole in
[0009]t h&Fuﬁh@ﬂ,I fighe@ RO ERs REfET O Fifle bhﬁtl Bﬁﬁfc‘aﬁ@n %)@%rsttﬁig uses a

control elevation and ali %nrrent er the pil
large hyglravdiger epeumaticecuttgy head th draskiapart @édmx@e tapd éorbaﬂ@qneces into the

r hol d.t
suroufRTERE TSyt § P it Sl o Wikl RIS ¥R B e o ve
pulledtitne Tiisi Itrbcdmds nised uxlflietd’l@lelﬂéwalnf@é‘a@éd:ﬁy nlstlea®stantially increased.

wever this. process requires larger drill to

Also, B‘f?ﬁn%‘é‘?dem??]@ cqBalhaseid i %éﬁﬁﬁtrbﬂi‘@é aﬁﬂi@aﬁl@ nts
[0010]”8%&6&%%&%& ffS’ﬂTblﬁg oP'co or pelE% O&Qﬁldel?éiéﬁﬁéhelﬁl?t L& zeF;ntlamcal

conduit '1s use urstin
joints, @mbgdderdgwusest ar nd:aart@@ﬁtsmil’ pouiti @ esistivecheiihg Celeﬁlhlérii:ﬁfor joining

b K I th into
conduif Rt Besihd nhokcramls %e%egaﬁng%é’r%"ﬁw : S%Sézfi@mm I

6,394,502 tARABErseHna WELSBI1 414 rtot]t\fegﬁa&h&t 511l 9970l CulBamBB! 4 &8k 789 1o
in. This process is used where the hew |ne capacCi t'y

Egglestans eng d,&di$o dntRamisey. Pobyetnded. pipeA(RD or HIDRE)Uras eb,een routinely
A A O

4,987 @1@nd®1&1gh§oiﬁettaeem,9dzam PBRKINRe etldl); lahd 8,7883 6874 H%helme Jr. et
L J{ oints, enbedded wires at or near thefu3|on10|n
al. an

L53 sPator Reblicetion Ve BAOBRISY 1 Kiengni. cgmcfl@ndtngly, preex1st1ng |
o SEGHLPIE FAPE 0E PBPLTE8 M5 L e

operatifig Patanietets tfor ElsﬁglhaifwlyvﬁyB CHloB8S bised losa@iamemlike polyethylene

789 t t and 4,642,155 to Ransey.
pipe, iFh 4 ROMSHLY SIRGL DPEieat AHPEICchag g ¢ Giud ped pormally been

limitedf ﬂésﬁﬂ)hfc%%ozrﬁgtg%t %/aga’él_ers %emri]i‘aéd %glatf.'g;ﬂl | fod- P60t Yoirtts. PRL&Wmitation has

restricted the use of PVC pipe in sliplining rehabilitation applications. Therefore, there is a
need in the art to provide an essentially single piéce of PVC liner conduit starting stock with
no mechanical joints, which does not increase the diameter of the starting stock as a
mechanical coupling would. Such a coupling or fused joint must have similar strength

characteristics as the original conduit and preclude infiltration in joints, by eliminating such
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4,987,018 to Dickinson et al.; 4,963,421 to Dicki nson
et al.; and 4,780,163 to Haneline, Jr. et al. and
wo2®s5/008802nt Publicati on No. 2003/ 0080552 to GCIDOR2004/006161

Acc r.di pgt reexi st n e I S. .
mechiERIGRRS MiagRGE !t ol & el HTE L PIRVEE DEouRbas fhads papable of
withstah@ndS£ sabke uéﬂ@%x@hﬂsﬁﬁh RASRELERT Sveh@al Fd8 118N Yressurized conduit

pol yvi nyl chlorlde based conduit. Unlike polyethylene

systemyi pe, which is generally joined by heat fusion
t echni ques, PVC limted to
appl i cations thgﬁhgggﬁgg(§9i€$%ﬁ$y¢ﬁ¥ﬁgwl-and spi got
[0011] 0i 10t .thekbiose, | dnnadj @t locfnhan feserlt @8 Vdntioh @ préhadé 8 SFudibn B¥leess for
[

pipe.in sI|pI|n|n rehabiljitati on applications.
PVC sprduil Grieovarpenes the deficicagias jof thhpriaw artt ot js evdtler abject of the

preseﬁsﬁg 10?1I tlhyprﬁlvllagl £ io%chiogéss f: P‘\}(f] %En QDAL tallcs)\%vgrfgr U onsite

st oc no nec join doe
connectimr eﬁsmhhﬂiie lehgalired£PVOf cotdaitst Iint IaﬂgﬂBﬁﬁtﬂér abjert of the present

mechani ¢ uplin | d uch_a coupling, or fus
invenig) th DHRYGE 4 RRGTIeRBIoTdlY G ARt DR RSRG & joibk b equals the
strengﬂh §f Qfe'cﬂig‘i‘@l ch?cﬁﬁlluéﬂd and Rk %&%@%ﬁ%g@%ﬁ&g?g% Joﬁ‘nt area beyond

j oints, el 1mnating such }
the orrgmalu@zom/dwwm Itnme chfmihea bbject of ’dle praseat divtention to tprov1de a

abl rovide a cou
i BB P T B B UL B L o wi
mechdMi ¢ Rs3sts,[Whick ¥R1Iudad infisteation tEroB B ERLE johﬁg Pc%‘gé{' dnother QbJ ect of

system SUMVARY OF THE INVENTI 001

the preseei iayention tanreifeet fusion progespfosd rthattqmocilmes a joint that is
r Qv r for PVC.conduit

capebfy iR b ARIRLAETRE l B it ﬁ?ﬁl%w SHPIHE i gother object

of theameidne invehfi@cto pfovidiea fiMi@S piticedsNfoe VIO Bzt Cpr@ch@éé A€ot that is
fusion prqocess for PVC conduit that allows for the

consisgsng pchascty gl siegngdhcharacisristipp| 1 i3 @ Athes obiectmithe predenttinvention
[ n r.avent |
to proklfde ac'flﬁl fnJoL: sggéﬁlgnlh %ﬁ%@l@?{é&t}c <garn %gffggtﬁggl ‘Rsefihlgt connec%on with
fused pigssl Iand; J(bmtsanj stipliing haplietjoas, shotibentalsdiretighdl dfllib§@pplications,
i nal.. condui t and do i ncrease the di aneter of

pipe bf“ﬁgg$ ?)E’Hlﬂcafé?r@é‘ngél&/%ﬂtobur?s q&ailﬁﬁsn al conduit diameter.
[0012) t TH dﬁge%ﬁf LRRNLORIi€ Qﬁregtfedttaea RGP g}o UEEV it g&ﬁuho The fusion

provi fusion process for PVC c
procespripdildissam appanafie apd eceetbdd sif fnsingg Bitsd cknd/mtt portion to a second

chanical jojnts, i ch rec udes |nf tratlo
conanl A, kb difiples B o 5i: Gl rotdteb bitstitommra fishterminat
edge ¢TI L5 lcohMUe PbitidA ih GnPEEHOLEES @laflyﬁéhﬁtn withOg ?ﬁsst t%ﬂ?mEN&ige of a
conduit that produces a‘joint that i's capabl

seconds gl ROREOTG i@aﬁﬂ@iﬂé theafitst terminah cpgeebibeifzeicondnidpbttion and the
first te?éﬁﬁt of g%l/g’;é be fh% s%@o%d ond&plggﬁ}olnofc) he BY S%E%&é%l\éga doge of the

dé a fusi on

first cqrm]lurttpot'titmt with theCﬁJrrSBﬂeﬁhﬁa@I e hl@ésehbﬂhc&ﬁhﬁ"}ﬁhﬁbn (d) melting at
characteristics. is a further object of the present-

least apefinn idhe 1{%tw aeeceriithe fiesh condytiensstiamandetbp irsiterminal edge
of the!d8dndCEthdRg ;ﬁ)trﬁ&ﬁt('e)/@hé/agﬂ?geﬂlel Rt REGE ﬂa?%dg\é o'fq the first conduit

portion with the melted terminal edge of the second conduit portion; and (f) maintaining

pressure between the engaged terminal edge of the first conduit portion and the terminal edge
+ of the second conduit portion, thereby creating a fused joint area. This method is employed
where one or both of the first conduit portion and the second conduit portion are

manufactured from a polyvinyl chloride (PVC) material. The present invention also discloses
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fused pipes and joints in sliplining applications,
hori zontal directional drilling applications, pipe
worersidssgs appl i cations and direct-bury . appli cap€DDS2004/006161
resent nvention is directed to a fus

The
the no&%o%%%m’fgo? TEGRGT ?fl 2RO} GERBRUS foroties ?W&F?}H@sa gﬁ“ conduit
poﬂloﬁwgeagﬁ@cﬁﬂqu%oﬁﬁnhod of fusing a first conduit
portion to a second conduit portion. The nethod
[0013]| ndhhg @e@emmvettlepss alko dl(regtedr f@rmﬁaabn;app@giw ifonfusigga first conduit

t t
vortion kit & koo B B8l nfER , The APt iEPRE o bonie Gpniom for
engaginig Gl hazanmitid tHeofifst efnduitportiak iang 4 bohd retdmpifs MhdtBhnism for
edge of the first conduit portion and the first
engaging rad iasiteaing B forend eewsivg RWHOL tA plsiveimechapism is in operable
commﬁlxlul: {Hn”\gxth%ﬁ d rb%#h be HQ fal r%j? Il Ciﬁlillﬁi)llil% ' hafi9 @9 %II driving
por lon Wt |rs termna 0 e secon

them @00 thnigitudiant dmuoﬁd)Arfeémg m@ecahmsxhaaqatosmonwlé betiveeh a terminal
the first termnal ;g?e of the first conduit portion.

edge ofriie U oSk ROBsaR a degunalgrdeed e denradcqomguit portion.  The
e MmN

facing Q%cglthﬁg%ln Jgaes %g %rﬁzltx\fég gﬁ%@ t%?ﬁlk hﬁder%‘g@g eé\ tﬁ%artﬁr]d%gf&gudsé&e feats and

melts afe ¢ihmtk o€ drdtennmdledgep of theorondain goxtfons.ménet @i it gf the conduit

ressure. bet n the. en termnal edge of the
portiof FE PAEERAGTES HOP RO A CREE BV nEEeEae . of the
[0014]56%@ Ohr6RH MilenBOK, L BAR  as 106H€ BYnsHBASH BAd s hh%@l@dl &f' Heration,
area. This nmethod is enpl oyed where one or
togetherheitlf thesaddgiomdliohjeqiornd aivantages thereod Ofaﬂdnesbbﬂjmderstood from the
or ti on. nufature from a chl ori.de
follow PR, & RRar  of S IREHY SR Ent o L dP o uBrbidy with e
accomp#hyyNg &Q@ﬁg@OSSR PCT/ U82004/ 006161 the novel

operating paraneters of a fusi onﬁ)ﬁ aratus for use in
connect i ng BRIEFRESGRETION @BAH Eﬁy‘/ﬂ‘r@ﬁcond

[OOIS]C 0 @‘ggtu htis B%Eﬁérr?agl vLQ:Q %ig 11 %d%? % %?1@\68&'5 'fgpconﬁ%d% a(c:‘c(%)rdmg to
a ftusion par at us
thepreeandzwmtlomorti on to a second conduit portion. The

aratus includes a first clanping nmechanjsm for
[00161en§a€g.2n§ frighaFRAiict YisHi $gat AEPAFTHS AU Siieicmt fop gr fustsn RiRgess for

conduff‘accc%&ﬁﬂ%tocﬂhé sB% iRshapi smfor  engaging and

posi t [ ng second conduit portion. A drive
[0017]rreﬁ®r3|1s; msids se¢t1ow1|a}eviaWIoe€ a fosadnuimit e@h resaltidgt foromige fiwsion process

of .th i rst d second cl anpi ng nechani sns for
for cm’tﬁilu t@F?Pddmtgﬁ%tﬁ? ﬁ a‘{Fongi tudinal direction. A facing

[0018]MBEhANUSINateS cRRGI $dt@aRith BEEMEEBp&ad®) ?hﬂaaiete@%%n%terfmax
the Tirst conduit portion and a term nal edge of

pressu@e@foa’o@ut: bH pbit fOpéhEt fusion plrheess ﬁ”@rcPW@ qeadwiaacendingdeddg. 1, with
ves erm
specitif gk RSP RirechbgR pBFREGneth N R P AERSEE ipice pine
diameteh) Su€Rediiéd, gpotelrefisre R r AimaRidh fio.t he conduit
port| ons_ar e manuf actured froma BOl yVv bﬁ/ chl ori de

(PVCO) nmAESGRIPTIONERH MENTBot h as
[0019]t Oph{ fbuﬁ)‘age%t SHRE! @é@cﬁﬁ%rﬂ ﬁ&elﬁgﬁé}f) & Ofer AR eﬁ%éro,n“lower”, “right”,

“left”, “vertical”, “horizontal”, “top”, “bottom”, “lateral”, “longitudinal” and derivatives
thereof shall relate to the invention as it is oriented in the drawing figures. However, it is to
be understood that the invention may assume various alternative variations and step
sequences, except where expressly specified to the contrary. It is also to be understood that

the specific devices and processes illustrated in the attached drawings, and described in the
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together with the additional objects and advant ages
thereof, will best be understood fromthe follow ng
wale®s/osrs on of exenpl ary enbodi ments when reaBCT/HS2004/006161

follovigl connec ];LFO Wi &tr:e hsﬁl{é acc a%@? ol a#tﬁglqvgr%g)nE Hence, specific

dlmelﬁibEi@Hﬁd bheVbIOWicaf clohraBedriveds felltediof tHE ERBoMNRARSHsdI®ed herein are
conduit according to the present invention; [0016]

nottoﬂbﬁgonﬁdﬁrgd&slsmﬁmgatl c view of an appar at us and system

10020, @ik TR RIOREE R s BRE 1 il SERLF yBlicall. o hgpanse these

ranges\/arewOﬁ)tﬁmibuﬁ uﬁé}dlﬂcIiidetev&ya&Me&ﬁdﬂ\bédnﬁge ﬁi’l@lﬁ’ﬁdnlﬂ end Bekidfum values.
cess for conduit according to Fig. 1; and [0Q0181
UnleSfru f@@resalyg inglicatech Atheswises (thgraflops mugpTiclarangssr sepiigd in this

) t interfacial pressure of about 140
apphcgfsi‘t:} %%r ﬁférﬁeﬁ#{a i

usi on process for PVC conduit according
[0021} o T—h’egpreiqnt vinténtios pis cdifdctedqtoantfiive proeps dsendndudt, preferably a

potyy pelor SR o ottt aaniyBh 85 Bk e candribportion 10 o
a secoﬂﬂ EAEL Nféﬁbrﬁé‘ﬁ 9. as DErpGRldd Th %e%tlzwﬁﬁﬁ%RﬁEQd a fusion apparatus

00191 For purposes of the dé&scription
14 forh@m;dp}qag tlgs me[t}md thrmefmp@nbodimmjs,ethe ,rnetan(bzmd"fusmn apparatus
‘verti

14 may By ispd in St il Rra e Risnabn piftResand Shisn shereby @ liner

condu&h@' whictl idtf@mnied fkdif nnINEI8 tebRMuiBSortibnd, $.g0rthe AtR dohdhit Iktﬁnon 10
ravvlrhg figures. However, it is to be understood that

and thergscomsl, eandiisrroresn 23sigraosiianedudthinl @ deplagandsit for later CXPanSIOH
Howel L 3050 308 5560 p AL RE iy RXRER s UG S AR5l Yo

succestsh)@t fusidie of pemidhit cpsleivhs esAanﬂ:t plogthesis®, ithe Usder adduit 16 is
} in the attached draw n and described in the -5 W)
manufagyesddise 3 epplashomE b FEdh af Y ¢ oMpyygver, it is envisioned that any

maten%p%'vf ' C'?He' 9 ro IQGSE@PMOE c%tlm%ﬁ{ﬁ%& %dt U&mected

I nvent ron. I Mensi ons an
accordigy &i t’nalmeih@d aﬁ therprsstelnt mveetiat ethd fusionepreadso dmBVC conduit will

work q(:jffeﬁ.flyas dv1th[c6 %I(ﬂrl]m ?qxga%({ahfﬁ@?fre%%n aég rggt?%%is and thermoplastics.

[0022 1 sedPedaridardsos pRat Eﬁ% AP Y i aBlel f@f‘ ran36§ @f‘ﬁ&ilﬁl}‘&st% PVC resin
ranges are continuous, th ey i ncl ude every val ue

that hiyest vazons tpmioemqm wiitiin hel aHewalie rendsl efesiditiven) ddsvever, not all the
posmb? CAY eb§n i3 élél ? écﬁh?%\? hxgcgr é}&ﬁ} Eﬁu %}r(éf%gl%n%lflon(%ss C’Iahat 1s to say
that n@RAr PRCRRdteOfiSe wild Gidsk]to Tﬁ@st&fn?ﬂﬁéﬁ thk PyRNhAteAall 6 the 11ner conduit
directed to a fusion process conduit, preferably a

and not all PVC pipe W111 expand to the size of the pipe material of the liner conduit.

[0023] Since the conduit expansion process occurs at Temote locations, the liner conduit 16
- must be transported in sections for later installation. Therefore, while the present invention
specifically discusses the connection and fusion of the first conduit portion 10 to the second
conduit portion 12, the method and fusion apparatus 14 are equally useful in connecting any
number and length of liner conduit 16 portions. Therefore, in a further preferred and non-
limiting embodiment, the fusion apparatus 14 is mobile and can be used onsite to employ the
presently invented method.

[0024] In particular, the present method includes the steps of: removably positioning a

terminal edge 18 of the first conduit portion 10 in an opposing relationship with a terminal
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pol yvi nyl chloride (PVC) conduit, including a nethod
for fusing a first conduit portion 10 to a second
w@orndois7portion 12, as illustrated i n schematPCT/U82003/006161

s e A OB b TRLEH e
condufltuﬁdgﬁ@l aDRAEAhY Sermiflal "RiYe 2O HSBE SebbrRIONRRGH B%P%\e{q 19 @ep 120);

] _con ui t expansi on process and syst em wher e I ner
alignigg Hgdpining edghil8rofitlee first pergluftrpomionu] @ withehe tamalirial edge 20 of the

scconf Vo ol b od RO BRI e ey o e
first cORMEHHOFtEIOT0 bt Bl tE¥AANBdN 20 obiEheaednd doRBuifBbRRE 12NGtep 140);

fusion agq?ar atus 14 may be used in any apgl ication _
engaginghe meled Feaginag gdgrekspi/he figs icopdwt partem P withothe intlted terminal

) e d jner ndui t 16.i.s
cdge PEab cb PP AR BorliCi L LR baphahite gresugbeoveen te
engag/Ermiioivedee ,18idf the fanvididongdrtidial 0 apy théredrRlidadledge 20 of the
havi t he aggrtﬁpri at e expansi on characteristics can

secong, EoRUBPOReN ¢HrfEcPY GreaHEE SriEtedg ot aFHe? nttamokPldt e epreferred
and n%{-ﬁlﬁl?ﬁﬁg LANEMHRD thel P%tl{laﬁts%lﬁg?xﬁfngﬁﬁésst eogte;g }({gg%ggﬂ#%tat least a

work effective er simlar
portiop ol theeeiudtabbeddmablediZd| exteandthgt drewrniogb diedetl gsint afe@Q2 Jftep 170).

S T RN IR R RN
[9025‘% FREAAIRSst¥ 'idlit?,rﬂgéh Remalal gcill%bﬂ SEoAL Gt %Bncﬁﬂ%c]'gr'tixﬁfto is clamped

wever, not a e pos | e conbi nations ©

or heldguplers el pesitionsdrbiy 4 first Rlempingiwiethapisprd6 i volnlepthe sesmd conduit
. That.is to say, that noet all PV ter pipe wW.ll fus

portiof % it SebPedatn sPHRET poe vt PRPind pREn s 28" The s

clamp®@nibtHanisaNde netd tlel seBMA BlapHind hecRapan st Bret HBt SF2Be fusion

of thecﬁi {)e material of the [iner conduit. [0023]
apparafisnkdeanichalloyp frithe rangyahls rasitipnsieeafsthe deticenduit petiond 0 and the

. _ . ! 5 hpe h
o 58RI 19 Ho, GRHL % B IERER e s
clampingenqeheseant 8iany egtablrof begtdrivies &b h Yor@itadinsSdifectiBg designated as

. connection _and fusion of the first conduit portion 10
ATOWS 4 1 g8 Lo dGRFIOTEOR BTV S MSehanisHn 34 38 int QReTably pEmHEAgation with the

first ol nARRATIGLU at] b L 0Gidi
e Caﬁlﬁéun‘oer 1and§? é"‘ﬁg@ﬁ%g?‘ﬂﬂ klg%ﬁpg%ﬁ%}ﬂti&%éﬁ %?@oh@ldmg the
necessTityahrpiing ©yce to moveuhe fest clangfier mechaaisth 2Omzd/dd the é0d@d clamping

! enbrrggé. nt, I{Ih? fusion a g ratus 14 is nobile and can
TCChaRA (SF BHSTYE 8 ?Ibe@ﬁﬁ}nﬁ;}% I presently invented
[0026]TetTRE Eornfii R0 2dge 18‘0%&%&%@&@% f)&ﬁoﬁ’ N6SRA I RERRI edge 20 of the

includes the steps of. renovably positioning a
second eqngii glorieqiy 2 1eish foetfheedf inr erderc tonehtblislp or dlenakDpamalleinmating

0 ing relatj ' 1t.h a termn 6. WO ..
surfac S OPES SHSnt § BOR0hE 4o B -Elgn 230mBEn haoseslp bevween
the tergimd ¢tige PO itleNfidk? chiduePpokadh 10 f2ag ithdtetifal @ﬂ%@ PR the second

edge 18 of the first conduit portion 10 and the
conduif petppdP. Eagyexapplefthe feingaesshanismrRdunay roleterally movable into and.

. . 0 . e .
oo of (S8 M0l L AL SOLAT T A B8 1 Bl 85 2. e
facing tfeehanism 32 continues to grind or face the terminal edges (18, 20) until a minimal

distance exists between the first clamping mechanism 26 and the second clamping
mechanism 28. In a preferred and non-limiting embodiment, the facing mechanism 32
includes one or more blade portions 33. These blade portions 33 perform the actual cutting

or facing operation with respect to the terminal edges (18, 20) of the conduit portions (10,
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second conduit portion 12 (step 130); nelting at | east
a portion of the termnal edge 18 of the first
W@ onddIs7por t i on 10 and the term naI edge 20 OPCT/IiS2004/006161

1), R Rl PR RE s e BrroSHeR: b chivia R 8 Bhich allows

for bek@r \bbhdistbhs ﬂﬁi ﬁQﬂ’eaTn@f fﬁcﬁ%‘sgro%%e POk, RS e8SRR%ipped blades

conduit portion 12 (step and mai nt ai ni ng
allow fpremers Bedrenivesage of ghe @ﬁ@@g@@one 63nvn‘élouéwamgﬂmfcuﬂh@ edge of
rst..congdul ort n 10
the g GO Rl PRare pEM s b B oG rifa soactues

andmﬁtéﬁ@ﬁld; gedtndsieged? (step 160). In a preferred and
i mting enbodi nent, the method further includes

[0027} heIt §¥1@Fjd d:fe p@tﬁé\}thﬁgbcgh the figst glarrm@}g meghafism o and the second
I
clampfl t n eaezz%&%g?lgt ﬁsglgvgrﬂe 190?1? LOIE l?gr}g%ﬁlpe% tg l’t% %govable to

allow tth@ fﬁsisaomﬂuﬁmmﬁncai us aild thwlseccﬂmdi @bnd&ﬁ qroirtied 12 rto det éngaged In
her ei naf t EO 2?% arding step 100 the term nal
Opetafiycdneg Ob boftn & iR oS GHEIEE Beschgiam 186 | & henpreand giamping

. mechal?l?énﬂ 28 rérepin% %ﬂgi BRS el ﬁ@lﬁg ngé{:hgm r3§t is9bATRIfih i\é and squarely

ani sm 2 e the sec con portion
betweed #ngp bt aimin;pmg Machmﬂsinlﬂ}b mchémoswdomd ahmpng meclhmmnsﬂﬂ This

orers et 5k PR B PSR S G008 1 25 prtin

10 an@BRBhAkbsduldpaien b |c@rWelfl1‘ﬁE ah8 %mﬂleﬁe)&&@ét@ol@ Q. t !Fﬁﬁhé}gthe facing
of the first conduit portion 10 and second

mechagigsel Qﬁtm@o indlusie bladespuith W@ﬂous’omgmlatrmemaﬂgns c [Thigpwilly provide a

S n S cl anpi ng mechani sm 28 are
SmOOtggr a &1{&%%%&1 ﬁ?%se@&lowa | ongi tudi nal direction,

OOZSﬁESU@dﬁaﬂqedirﬁScondﬁﬂt PVRioA 10akd §cord cIiBAiEHHiOn 18 piéﬁlé@ must be
mechani sm 30 is in_operable comunication with the

rounded pngh aligngdrpii hgaphethahinsrigeo anaieipe g@cw%ﬂaﬂa‘pﬁhﬁ gonduit walls.
This W@@Q%a%ﬁ#é&ﬁd e&pl L t@? a%%?:}]aéﬂﬁﬁg e%flé/m laagl ?or the second

anli sm
clamptrigen&&xammdl 28 artjbithegoutsive Giamesamo? Ehei ﬁl“sbccﬁ]ﬂuﬂ lpbrtﬁh Jdnmatches the

) nd.?@%l g&SItI on %WOZG] The term nal (I;e 18 of the
outsid [ayeten e sssehd POTUIOPUREN e 1dF REEIG Hig BB clamping
mechdnl¥eh 26 8RO AL &95‘1‘}%15 Bﬁfétm%aﬂ% r@’ﬁshotbc% h8&eda) '\911191[1 GFuld result

to establish a clean a par al mating surface
in eith€hibe firsicdonduit poxtionplOetnd br liye iecbmtcmgluttthmn B?rrslﬁ@mg during the

fosiontSeh. D@ BEpitnal BoRBrs O S0 UAENLSr8 (LG R Rl st Begnisn 26
and thefeddAB cERGaRE, me@l@ﬁl‘i’dﬂﬂl b3 RAGWE B Hrét cdrabit P¥AR B) ardd® the second

faci ng nechanism 32 nmay be laterally novable into and.
condug portish Hd@lhelrmm%étam@ﬁe aheossidlaiorih¢ indengled JleBe}re@ 0The closer to

the Joﬁ‘hS ar%g ’Fnagﬁq é:?gc(l:lg% ]E)CI%IE]lngSV\ﬁ p Blia gg c},an}pgg %f' Rgt%?r &Pﬁﬁrﬂl pe operator

has m@dgﬁﬂy(amgmngme dontik p@tlﬁhm(lrmpnz). di stance exists
between the first cl a %mschani sm 26 and the second
1

[0029;| g)lﬁg't e tqaf@ér}géﬁiigenlrélz gt c&n@p}é ppyéi@nawdz.md the terminal edge 20
o RO TR TV ) SR i

pressupaamtd thmns d3fhitipar iodoing e, e theal wﬂlb@dnleﬁ@te oo thadirgdgonduit portion
10 anch ec%)ﬁ Icg[?ﬂ,yé\nhéolg'tlétg ie q(l] §tng%%:|;1e b%a? ”0 materla wﬁl %orm atztlg)e) terminal
edges (18, 20). This heating process is effected by a heater mechanism 34, which heats and
melts both terminal edges (18, 20) simultaneously. This simultanéous heating can be

accomplished by the use of a first heating plate 36 and a second heating plate 38, a single
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-7 WD 2005/ 005873 PCT/ US2004/ 006161 12). In a further
enbodi nent, the bl ade portions 33 are carbide-tipped
whb@desss7whi ch all ows for better consistency BOMUS2004/006161

cual g retng DA (PSP o U ARG BE oF RETHFERBAI cdges (15,

20). ROGEIHARS faddh MnbARMisnY VR h&tllerl R6cHaHisE) 0 IRARE O bapdbEof moving
bl ade portions 33. OF course, the use of other . .
into pesifiem heinece dhdricanmal edgees (E8.a2dnystil sich dioaiaethe heating process is
terials is. also envisjoned.,, [0027]. It should be
complf &k pols Bie Rl LIRS 2sag skl Betiivee, the heater
mechdnikgn S£6lddd alsb BERIJVALIRESIRBK $a[ﬁ3r3ﬁ% RARAEb IR HetwrnTRY fbhthal edges
only one of which is required to be novable to allow

(18, 20heas Hesignagasinblyiiagropsr i Bnkig0 2and rhbirthet prfeseshdod tnon-limiting

rii ed [ r
emboet, 8 42149305889 s cADBHPLL A, 0P 85 e e
of theCheatep inkghamen hGy)itBenfi7Hd hantndpied36 and/br thwatecbhe hegignglate 38.
nechani sm 32 i.s locked firmy and square|ly betwe

! en
Accorfigly, VaEeuSPUHPf thed1sating firfascalty SXABP e isnppper and the lower

| : ! Thiva. . . _ _
surfacg, @E@hm dﬁ?ﬂ‘@t’aﬁiﬁéﬁ?w. hﬂﬁs, iR Rih 3d10Rf. 1Bf Qﬁ"logﬁgm?‘ﬁnsl?leltmg of

ubstanti ‘ ace, perpendicular tot
the temuinaluddgep Ok, i20) dutGo dncinsterd ptlysondidht heeting procds®, wherein heat

. terl.ine a Wi {. 0..detect.abl e gap., Further, the
rises G RGO rad LR, PRALPE: HORTAE 1 Sudo bonf iR st (15, 20)
There?ﬁ‘éj Uh@koRd heftndtwans proViis rom d hni@&ri%izf ;ﬂﬁ[h% acrdiPHe@fminal edges

ace on the conduit portions (10, 12) 028] Next,
(18, 20heIff isradso ewnsdonad that thedreated nasdagswondudesnaiultiple zones that are

ortion 1 ofiles must be .roynded .and aligned wt
contro e SPRRAIBS bt dERorla” R 28 My T SmEeh B et 40 would
provide 0ol tet indidididl conlthl f ¥Bdh BéheateCamBhiisheed dificiasyusiid f@uracy of
the first clanmping nechani sm 26 and/ or the second
the heglenmsehagisabdharitisaiepltaph more ppéorBLpIefitfcacyyss g ispmigpl edges (18,

e.fli [ r C -
20, PHEiSk SN BENAS A0S AL s, ot
with thlesicedlol elahipaig the eerhriifisltedgésa(18] D) topEbtragiatd idfpoatait. The time
X t he secand clanpiq? nmechanj sm 28 not be | oosened,
intervalps RRIRRRLY gt Sif-+3 1oj4seaPRdier the first conduit

[0030POH fé%ﬁo]\%lvgﬂg{e@ ”[l‘haglﬁﬁi QRO SRR EO,@%E%%%Fated-with one or

slipping during t fusion process.
more giesarnrent eguicesnmentmpkyed ey tthe fusiost apdasatps nig to control the

o B B B e TR0 2T g 3 may

be equisitdUiith BefrhéRBteddo b e HRHO HRheAitueh A8M ASacBOBPARIIS: control
to the intended joint area. The closer to the joint

for setting and haldinghtbessormpenatuses: tilowever,lid mayde thatrthess thermometers can

clanped, the better contraol the operator has in
only bgrlbsgzg A5 fe%?rglgm%hca%tr% éueC &ch gt?i Jtna%%lltr{)oﬂegﬂ%e%{i%‘l’ a ?ly)n_nometer and the
actual kQ@22]teiphturd HEtht edrmiinddkd @8 qes, D9).ofn ﬂhﬁeregérﬂ,si pFRAfdrlor other
portion 10 and the term nal edge 20 of the second-

surface gaRReTatUsoReIsEHNg devpeRE e defegiatodeyitle thet eonirplemechanism 40 and
used p%ﬁ%kﬁlﬁﬂtote%gﬁ%rp%ﬂ&' ?emﬂé?ﬁtﬁfef §¥Gfie first heating plate 36 and/or the second

heating plate 38. It is further envisioned that any of the control mechanism 40, the
thermometers or other surface temperature measuring devices are digital devices, that provide
a more accurate measure and control of the heat applied by the heater mechanism 34. Such
digital control is especially beneficial when the fusion apparatus 14 is used in connection

with PVC conduit, as the physical chemistry of PVC, including its melting temperature and
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pressure and tinme duration. In doing so, the heat wll
penetrate into the first conduit porti on 10 and
w&e@emissczs)nduit portion 12 and a nolten "bead"POf/US2004/006161

. materi will format the.ter (1
curing G BRE [SAF FOERAST @7 GLiRB Thy15 o et s pgis 14 n
conneg’tfon With P &eﬁD?Eanﬁeré'f@fet $hib ﬁiékaf §8:HHoNdh c%%lﬁ'&t{c)%&wlth the zone
si mul t aneously. Thi s si nultaneous heating can
heatmg,cp:tpmglles shismhcby cmttgalwhgagﬁenanq‘m toshe fiessan agpapdtas &4 3)6 the present
and a second heating plate 38, a single -8 WO
mvent¥¥os/ 005873 PCT/ US2004/ 006161 dual - f aced heat i ng

[0031F| Ftuethey, 18d B@facﬁ@aﬂaqeoﬁeaah%;phattasrlﬁeuasmﬂﬁﬂmge ®EptPALdn, and any
erm nal edges (18 faci ng

coatingws Kanheating phaie(@4t 3%) ahéelldam‘c Sensgatcherboi @lanb@@ap aby way. After
the te?r&gﬁp\%lgg nE{Ji :ﬁ)) %Lt 439 ne%gés&f Efgr htﬂe p&cﬁge‘fﬂ 1?1%8 an%g (teo the proper

tempeR@ite] & discidbedhérethafed e héwerhﬁaﬂﬁﬁlsﬁiem &ﬂteSﬂBvBé and the molten
shoul d be renoved. Therefore, the heater nechani sm 34
termingh 6@$f‘c§ @PBs 80barenkronsiteosehehwih FHGETH | ATGSSHiSy tepPoperly mix the
. f Des d by
condugﬁéo’égf\g‘scioir}%n{}% h%h@%laﬁuﬁﬁg&% rréf ed %re)esfaefra?ee S gf&%@
[0032horFei fustd rjgint @m‘mdQanBt bt H&lmeamewbllﬁeuM| sassdd until cooled

ovi des for zone heat res t to the surface

adequgtﬁlyttﬁéleﬁelaP Ehe SROEPRIR S FOPEE. tﬂée ?qu%‘ﬁwr{éfﬁisﬂif‘gpfﬁl”‘éiﬁg% ghe first
clampfRdhefhahlieh 36%2AGHE %@Sdnﬂgcl%ﬁﬁ‘@ M&chaniieC 9% Qh&ﬂhyaccomphsh this.

various portions of the heating surface, for exanple
Allowirtgepropgretimeanundeh grésswwsrfor smlﬁacw’lorrm;remmv@ foorhftbe éimt 'clamping

rat u Thi in.turn aIJ f.or. a nore.unif

mechapiy Pcagt 8% aee0pd chorinipt dhgrt@nipPa 28 58, intbgfiant i Vit join
integrif@t ural  physics of the heat| ng process, wherein heat

rises and provides a differential heating interface

[0033 ] c riefées thrEasiaar prpeRsb, thel @@edqc_uat arpp}2 eviflgaeasfibe exterabbead 24, as
well a§ %Fl 6%t§%t%#‘|lbnﬁgier - ng Pes@y 'og 'tahe( a%gh@% g?elsgqor% Eh ghea Skcgd material. The

. extern@Ndagli znwe;ctelmadwatWﬁometae disedandiiit SReiiat kmlle$4 rﬁmldt difpilerly, the
zones that are controlled or controll abl e

interngl heed A7 crisafR AIVERd Jom i faslaiondeit ingapkypd r‘h646f hfptqmal bead
24 shoRiP¥d gﬁofvgg gfl 'u@ﬁif \thHﬁ‘ér 6RMT M in0the ?S’&sz&ﬁgnstl& process and

maxi m ze ficr e ncy and accuracy o eat
systenire Saifi iy 3the ewtetinl deadc 341 khand bermmouedltb ailowpfoofill expansion of

acr-oss. t e ter ed The eed of
the HnBEUaIe 1B R ook TR S AL Ve Heshegepsign process.
The eﬂéﬁﬁ?@e%d 2t4°19 %‘rﬂ}@eﬁ g s\(YbEthtiz@l%/ éﬁ%@éﬁ &f m&d1Angd t%gmttﬁ]ﬁ 1/8 to 1/16 of
term nal edges , together is also inportant

an inciihd’ the rf@asedlqwnémv aktenel pwaéfféfir dbipycadifiothe  interapl bead #d med not be -

secopnds. [0030]. [0t is also envision
removi GR8 P s P Alor oy 151 P T DL B oR R ghiBy e ff e 16,
Howev@aFWuehabecad @i wedd HeSdeeniel QYed sdyo tHaeldw i @faterial, the internal
apparatus 14 to control the conponents. For exanple

bead 42hpay 3lpabe wEraviehg pl ate 36 and/or the second heating
0034€I ﬁle%gmg@%rocgﬁ i§ gﬁgutgge%gfu%ll &héﬂ&ﬁ&% g}; %ﬁe:'] fuﬁsgﬁl Jgfﬁsa%aeﬂ may

tenperatures w an acconpanyi n
be simply cut and removed, and the process repeated. However, the reasons the fused joint

area 22 was faulty should be logged, for example, in the control mechanism 40. Fusion
process diagnostics and data may also be processed, analyzed and presented by the control

mechanism 40.
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for setting and hol ding these tenperatures. However,
it may be that these thernoneters can only be used as
W(ge(memedsn' ndi cators due to the inaccuraci es beP@EEH2084/006161

h neter, and the actual surface te erature of the

[0035i thdpspeeidadhy 1%%1011296?0‘35? ﬂpfirﬂ{% Haé@a?tgp the pynigaldergpula used in
§ y be

Calculﬁf‘ﬁ%%%?%?égﬁ%ﬁ@ﬁq?h%'ét‘f%%om B RN 8 5

periodically to ensure propé&®Dt-f#dperature of the first

heati ng plate 36 ag/fém?r the second heating plate 38.

It is further envi el—-t—ha%—ény—e#——%—h]@ contr ol

mechani sm 40; the thernoneters qr,other surface

tenperature measuring devices are digital devices,

that provide a nore accurate neasure and control of

eat a lied t he, heat er hani sm 34, Such . .
Furtniyy G A R c6ie Bl SRR PJPosbHers GFalPSeh et o inches s
fusion apparatus 14 is ?§§QT*@Da@®ﬁection wth PVC
condui t, as the physical chemstry of PVC, including
its nelting tenperature and -94W0 2005/ 005873
PCT/ US2004/ 006161 curing tenperature require nuch
nore precision than the use of such a fusion apparatus
The fdifnudld for%ﬁﬁ@ﬁh‘g%u@é blesREe QGpiREn HNESRLAT & cyliRli& area is 1.00
digital contro in conmbination with the zone
squardyggl ishg, provi des enhanced control characteristics to
the fusion apparatus 14 of the present invention.
[0031] Further, the surfaces of the heating plates
(36, 38) should be keptGpelgsan.Ipand any coating on
the heating plates (36, 38) should not be scratched or
damaged in any way. After the term nal edges (18, 20)

. . e .
Flnall{}‘,gﬁg gé}gﬁluﬁ]ar g‘?%‘éﬁ:ﬁgﬁ@% lﬂxlisa!é}ggle r%%gef %Ite t Ie N%g Q’[%Bg Q®lce area,
hﬁmﬂmﬁdbanmsaaﬁﬂcﬂ3MBEMﬁweﬂmaﬂﬂnéheknnhheﬂ tern1na| edges

(18, 20) are brought together with sufficient pressure
to properly mx the conduit naterials to forma
honogenous j oi nt, refer@@gp fused joint area
22. [0032] The fused joint area nmust be held
i mobi | e under pressure until cdool ed adequately to
devel op the appropriate strength. The hydraulic
pressure provided by the first clanping nmechani sm 26
As us@bréiigosecond cl anmpi ng nechani sm 28 shoul d acconpli sh
this. Allomnng proper tinmes under pressure for

cool i ng MG goMa%Hnggo%{Fgggshﬁ%s{l rst cl anping

nechanisn12 and the s ng nmechanism 28 is
i mportant in achi [ ntegrity. [0033] After
t he fu5|oﬂtprocebqﬁh$ nk fgltncj:luljhomt area 22 evidences
the exter 4 bea wel, | an,_internal bead 42,
as a res of t Qtsg&pﬁﬁag@teﬁﬂréglg FX #35 he nel ted
material. The external bead 24 extends away fromthe
fused contRiit exiusidedPiansicr mymchesiditseini | arly, the

Ip = Interfacial pressure (140 psi) PVC

Ca = Cylinder area of machine in sq. inches
pSa = Pipe surface area in sq. inches

Gp = Gauge pressure when cylinder area = 1.00

-11 -



i nternal bead 42 extends inward fromthe fused conduit
internal wall 46. The external bead 24 should be
WO 0vsess7pri or to using the liner conduit 16 iPCT/H82004/006161

condui t expansi on process.  and s em Specjfically
[0036{ el lggst ﬁétlen%é%\ées 55 SO g UBEntReATo T P ol Bt 60 have been

createﬁuf’o} ql?i)éﬂgr%cs{a% qI%Jent tgﬁ%f‘ e Le inl@e Wb Rorkfiae when the

st ‘condul t en S used I n an expansi on
interfgpid qessure i§raboetxl € pal Inethdse2ehairts, ngminahbipﬁ diameter, outside pipe
substﬁﬁtl ally removed or machined to within 1/8 to

diamefory gsgie PIRG, diapetperofitage 2Fq3s SEECINaRTRTe %W&Flowﬁw are all set

forth. ##he IMB&CE?‘Iafe)é'ls bhgd i e00aFuRRRAGN 424898 LA atd e machine gauge-
renmoved and does not provide unnecessary adverse

pressupoadd tplsnnsng\nthdwlmrtshe Highel9,clbadisted &@ge pm\mvmd psf -should be
adv

diviagiiiiin? opfifey dfen R Snfbud BB ARUGNE Fo hOuidl ahisitty 2 estabiisn

propet Qﬁﬁé]préécsu&hﬁufgthﬂl @/Eespﬁrﬁpﬁﬁé% dfSnAbRE1EE,CaS Bbted gaﬁ%e pressure in the
ot ervvlsefault&/ e fused joint area 22 mm

chartssingyshe figures sheyl eaividgd by the affpstiye exdinger zpr@@@éﬂ]@ @nachine in use.
00370 EYE yad REWERSANS 1A0e WLHRP dpd SR <cALERLRNES. stted to the

calculaed fgaﬁlgesp’fbﬁﬁre dndgish nFurnfchea&Smd nagthes toreistichRde. gatrvandmazin heat,
| so be processed, .analyzed and g esented by

cold, %QSW( 8-> mﬁgg)@aamog/ﬁflzfgr and nisrs o g;tg@)ggp;rgpnatelyh Weather shelters .
may l?ecng§g@ G4 K18t doH@FBhs. Wﬁupth Iesip?schotte? t%or rlr%l}‘iﬁé gglggthylene

ss operating paraneters, e typica
ﬁmon BV Cikion natsi hghﬁnﬁ@@arefpbﬁreapamln/éingmaghftmgembancﬁng Spreader

bars of £ 7 SlingA P HArbe 1EHbL et Pige SehRedniaitignaiatins & 15e length

of fus@ﬂ @ﬁels H&ﬂcﬁ?tel @ﬁﬁﬁg (am)an‘ BloWBY8F Stehl JRBSralo? ‘maPRAUT i $he pipe
The formula for cal culating gauge pressure

becon(l@)nommﬁﬁmbh@nd@mfdntqha@dleoy cplddesattrea is 1. 00 square

Fi.nal
10038}, 28 3 e e gt g BESUAR <Ry Sk agpp for e im o
fusiorSptoEes maa{s%mcumtﬁcfap@bﬁ:l in Fﬁﬁﬁﬁgspﬁl?wﬁfmdﬂéﬁde’&ﬁﬁuﬁr $Be present

of machi ne are known, is: M3p= Sp ax

method and apparatus allows for the connection of multiple condult portions or lengths with a
joint that equals the strength of the original conduit and does not increase the diameter of the
joint area beyond the original conduit di;ameter. Still further, the present invention presently -
invented method and apparatus provide a single piece of liner conduit 16 starting stock with
no mechanical joints.

[0039] This inventiqn has been described with reference to the preferred embodiments.
Obvious modifications and alterations will occur to others upon reading and understanding

the preceding detailed description. It is intended that the invention be construed as including

all such modifications and alterations.

-12 -



As used herei nabove: M3 = Machi ne gauge pressure psi
7r = 3.1416 Circle formula OD2 Qutside Dianmeter in
W(i) mnls/esssxs i tself ID 2 = Inside Dianeter in i nEOBEES2004/006161
= dnterfacial pressure (;:440 psi) PVC Ca
THEE&Y@NTKE& CLAHMEEES machi ne i n sq. inches pSa = Pipe
surface area in sq. inches G = Gauge pressure when
cylinder area = 1.00 - 11 WD 2005/005873
PCT/ US2004A GOGM6 for[f0§86 p fiFbtr @mghit erttEmstp\eeseresst pongiuit portion,
ocumen ation, the charts in Figs. 4-9 have been
Compr&%%i §PSPLqui ckiy establ i shing various parameters :
for' usg rbobdbly ?Qgrr@mﬁg Erﬂiktat%nﬂﬁﬁﬂedég%f thotiedtfdsiat portion in
pressure is about 140 pSi. In these arts, nom na
an opymispeg rdiationshir witb atfgitdenphgeded péﬂretseqondrcralsdluepqﬂlpe

di anet surfac r i ensi on

ratio §Pef e t@%t s %PPH[%? g%e §§| i h er Ca?rne%\1 |p°r%oélsal&d the first
termifdNedget thddecbitBEonduil poftib@f to cal cul ate the machine :

gauge pressure and psi using the charts in Fi

the |i &) ediggagdhe pirddempipalagidgenythe fsﬁdiwéulbeogtmwwbdhe first

quare inches of the machi ne
termi %%Oﬁ%éeﬁ?‘ﬁ or ﬁﬁptb{)hozls,t ablish proper gauge

p r e S S u (CB wislting aalléast ypesti@andf shez Brst dérntinad hidgesof thBefirst conduit

pressure in the charts and the figures
P°ﬁ1°§l%@|ﬂt? %awrlaleedlgﬁy threcendeopiviEPRYPRinder area of

h
the nma géfglg %lﬁ% eltE:@ O Aindl! R e Vrabe e drang Jo‘i’t%ﬁ Wlth the

pi pe er resi stance nust be addedto
meltecn‘.mlrmuiahecbgd; qjalnxgscqmde&mrdue parithnpsid Furt her, extrene
weat her . condj ti.ons,

| d
snow, &7 CRADRHTERE %E%P%owgeﬁ%rthé%égﬁﬁbgef@l 80 Wb eof the first

conduBRIHGR ARl 1Bk YormWeaehes oSielstd con@t p«ﬁ’ubﬁ CtHbr%Bﬁ cle@fing a fused
i ncl ement conditions. Further, it is not ed t hat ,

joint augd; i ke pol yet hyI ene fusi on PVC fusion must be

handl ed.car ef yl | ci n tin
pendi ngogpt it ongSREE g b s B bl b aPibuRicouguic porion
compﬁ&s'ﬁ%ﬁ}vﬁl}ﬂbﬁloﬁd@ﬁlaﬁeﬁaﬂ y. I'n addi tl on heating a | ong
| ength of fused |iner conduit 16 using a hot air

bl ower or steam generator may result in the pipe

becom g I nd
besorepd TRhERE R TR anaL h ol g vt
portioplo@¥ irebaftardt exeiiud deanektaliay abusl thofussd goihtaraa. f usi on

process that is particularly adaptable in fusing
pol yvi nyl chloride conduit. The present nethod and

appar agus ¢hd Qusok oF cltaﬁﬁ 1Cﬁ?ﬂﬂgrcédn%‘159{g U kieh Bk femoving at least a

condui " portions or |engths
portion of a resultant internal bead extending around the fused joint area.

4.  The method of claim 1, further comprising the steps of:

removably positioning a second terminal edge of the first conduit portion in an
opposing relationship with a first terminal edge of a subsequent conduit portion;

facing the second terminal edge of the first conduit portion and the first
terminal edge of the subsequent conduit portion;

aligning the second terminal edge of the first conduit portion with the first

terminal edge of the subsequent conduit portion;

-13-



joint that equals the strength of the original conduit
and does not increase the dianeter of the joint area

wheysnoassrhe original conduit diameter. Still fBKET/HSI0,04/006161
the present invention presently invented nmethod an

appar am%tll}gr %Mea@ 2 DeTGI @ Hicetesonst tarmial R i the ]fgst conduit
portioft b e SbORKAVALD o AR STBERAMGBhqiChH;Sn, [ 0039] This

I'nv en S'on escri renc’e to the
prefer Emgﬁigilhd intebted $erm11@1)‘$dgeusf tlhiediritl coatluibpertianovith the melted
alteratjions will occyr to others upon-reading and

teml@h@%%eﬁfélﬁdwli@equ@ﬁ%coﬁfi@é%ﬁuﬁﬁ Yk ai | ed description. It
is int ﬁﬁﬂﬁgn{ng%eésnfe bR ‘ctf%%n%%g&f’féﬁhfn‘dﬁ 9d$§of the first conduit

including all "'such nodifications and alterations. -
portmﬂ\nuﬁi)@]ﬁd 065878 BEGFE 052D649uDSBL6At cTiiEil NUENTL Ollereby creatmg a

b H%/‘g IS 1. Anethod for fusing a first conduit
subseqhsnt fUSF O 4T %econd condui t portion, conprising the

steps of: (a) renpvably positioning a first termnal
edge of the first conduit portion in an opposing
rel ati dnshTlie miethhd af thaimsd, Al erampristhpetho steppel: second

condui t faC| ng, the. f [ n naI L

Che 11 Fetabamieophe T ShORHG el (e o B PR Gy Ryrton i
an opﬁfsﬂgﬁ@l&ﬁ@ﬁsﬁhﬁdwﬁﬁ Adithtitef@eihiliedBe of & JulRbdqu@hi 6lﬁ1dhh @of’tidn$t

term nal e of the first conduit portion with

~ first fatc@rgm afecenflyteripnal géess ek Bivdsccont eﬁn@dulbfomrrlelﬁ ‘and the first
term1r£aﬁjg%ége4f\‘f?eﬂ&b?éq'ue tnd tpglrttohon of the first termi nal

portion and the first
t enni nallgr&ﬂg&le(ﬁecéﬂdeteﬂﬁmahﬂigemfdhn tecpnd tomhiit fedion with the first

engagi n nelted term nal edge of the first conduit
termingd pdg i seqpent APt §Oi8Rni nal edge of the second

condui 1,eReY, gtétqgast %gk%rﬁ(gﬂ ofrﬁienste%rm f&mﬁfa@%&é@ 6f PRIMESM conduit

t he engaged termn edge of the first conduit
portiopand iterfirsirntdrminel ddge o tisl subsxbgetﬂﬁfcondmt metond conduit

2} o BRI Y AT i e

melte§ ReRNA1 6QRWFithe RABEEJuRRt con@hPpbiSRE; #hdpol yvi nyl chlori de
material . 2. The method of claim1, further conpri sin

the st ejpinsfiningpoessurg betwdcadee engagprbiermmal efgeepf the second conduit
portlol{xgsuc{ 1 $ té%r?rﬁt%ﬁr %].(#%e_ %ﬁeat?lﬁ dltog qqlle alcgmnéﬁ.ltfp ?)Bir’t[lﬁlé];tﬁér%gy. creating a
subse@@APRIsEd fodnttabe. st ep of renoving at |east a

6. The method of claim 1, wherein the facing step provides a substantially

square face, perpendicular to a first conduit portion and a second conduit portion centerline.

7.  The method of claim 1, wherein the aligning step includes aligning an
outside diameter of the first conduit portion with an outside diameter of the second conduit

portion.
8. The method of claim 1, wherein the melting step includes the

simultaneous heating of both the terminal edge of the first conduit portion and the terminal

edge of the second conduit portion.
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portion of a resultant internal bead extendi ng around
the fused joint area. 4. The nethod of claim1,
\Nmmmbmemlsonprising the steps of: renovably poBCT/USINAYNG16I
a seco ggwgf the first conduit portion in
Qos. > Wibereimtheigauge prepswator theggeaging step
rtion; facing the second
BCdf%?ﬁ%ﬁ%@ﬁg%g§q$¥&gﬁgq?%?g? condui t portion and the
first termnal edge of the(@DbdBYuent conduit
portion; aligning %% second term nal edge of the
first conduit porti Wi-ththedirstX tIgrninal edge of
t he subsequent conduit portion; -&3 WO 2005/005873
PCT/ US2004/ 006161 nelting at |east a portion of the
second ternminal edge of the first conduit portion and

where G e Hge PHESHEIT 5 LUDRE oGage. O fuiside diamater
in mclflésrsﬁhar%&’r!@;'lé irIRfRHE (i 1 é’i‘ ih fndnBe SCEB} ﬁ;) dsﬁ%fﬁaﬁ@i#r@s@&% and Ca is

of the subsequent con uit port mal nt a

the cypnéssugacoflnedoheenin sipereingbeped t er mi nal edge of the
first conduit portion and the term nal edge of the
subsequent conduit porttron, thereby creating a

subsequent The!sRehddobNEla ©awhereid REndBE bahcRfared @l SEP 3n square
further conprising the steps of : renovably posi tion

inchesyis salevlatpdtubiligingghe Bdlgwing formelasecond conduit portion
in an opposing relat|0ﬂ§hlgﬂ§§f5@§ first termna
edge of a subsequent c facing the
second term nal edge of the secgnd conduit portion and

the first term nal edge of the subsequent conduit
portion; aligning the second term nal edge of the

secan duj ortio th the first termnal ed
wheref %R - GRSl Pl gt it indgous uded ma 17 is
insideRPAhdt&in BhcHel Spngsond term nal edge of the second

conduit portion and the first term nal edge of the

subsequent condU|t portion; engaging the nelted

termn o h eco ndui t , porti wth t

el teater B Rtngl X SRSTRE SRBEH, bRt arishlu et 1500 square
inch, R gaugarpres@m@ isBaladlaie uBZIRE BRSUNISWRRIBERNat he engaged

term nal edge of the second conduit  portion and the

terminal edge of the subze@®emtiPconduit portion,
thereby. creating a subsequent fused joint area.

12.  The method of claim 11, wherein when pipe surface area (pSa),
interfacial pressure (Ip) and cylinder area of machine (Ca) are known, the gauge pressure is

calculated utilizing the following formula:

MGp=pSaxlp
Ca

13. A fusion apparatus capable of performing the method of claim 1.
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6. The nmethod of claim1l1l, wherein the facing step
provi des a substantially square face, perpendicul ar
WO 008/063875t conduit portion and a second conduPCT/US2004/006161

portio erline. 7. The d of claim1, wherein

P ol Tam ohS Gl immdiairt St Theas SBA oS Is Substantially
mobﬂelaﬁdfs&ﬁt uddd thihe ridvedto &QBQéftetlo&%hl on with an outside

|arreter of the second conduit portion. 8. The nethod

of claim1, wherein the nelting step includes the
si mul t apeo heati nqg of .both the.term,n t he
firat domot oSS aphdat rt ik Ak iR pafidto % sos0d condui

mﬂoﬁ&m%%h@@ydUIt portion. -14 WO 2005/005873
P PCT/ US2004/ 006161 9. The nethod of claim 1, wherein

t he gaadestsiapug sethpnisheordigyeagi tngng@@pmdmgsmon the first conduit
ponmgalculated utilizing the followng fornmula: .
t(OD2-1D2) M3p 4 x Ip Ca wherein M3 is machine
gauge prsesshdraampibg insecBardidh Gotfifilee td @f gask aind PRitiod the second
outside diameter in inches squared, ID2 is inside
nduifip9F3%r i n i nches squared, Ip is interfacial pressure

and Ca 'd?wet ﬁ:éﬁl){tgfnnlgecgp ?a{b?%a&ﬁ]mgﬁn%%j Ewidl a%qg%lg i%{le of the first

|nches met hod erein con

clampsgr madanasrreanc( fiSagecoml slqmprr% mecichzm asl C@ifrguke&i ’Q)ddrlve at least
n

the follaw n rmul a Sa .= 2)
one o fufe AN mEChIRBnRA Ch R Bk SPITP DD PRt 8 Rsubstantially
longit@diaeEiREtié) | Nches squared and I1D2 is inside dianmeter
in inches squared. 11. The nethod of claim 10, wherein :
when a2 demeig imechkanism pesitiorgblestptiwedn a iamnmal Eﬂl@ ofthgefirst conduit

porio GFTHL Pkt G S Sedl R0 T S 0 9 e .t
one oﬂ\/&%ft%hﬁln‘éhe ePbPeshitsf a6RIuArN RGP A the {eRh @l %@g@lof the second
pressure and cylinder area of machine (Ca

“ﬂﬁuﬁﬁéﬁﬁm-ﬂ gauge pressure is cal cul ated ut|I|Z|ng the

fol I ow Hgatér%ggﬂaﬁsml\@tﬁ%ﬁ%é t& Bhelt at least one of the terminal edge of the

first conduit portion and the terminal edge of the second conduit portion
wherein at least one of the first conduit portion and the second conduit portion

comprises a polyvinyl chloride material.

16. The fusion apparatus of claim 15, wherein at least one of the first

clamping mechanism and the second clamping mechanism is movable.

17. The fusion apparatus of claim 15, wherein the heater mechanism is

movable.

18. The fusion apparatus of claim 15, wherein the heater mechanism
comprises at least one of:

(1) a heating plate;

(1) a plurality of heating plates; and

(iii) a dual-faced heating plate.
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Ca 13. A fusion apparatus capable of perform ng the
met hod of claim1l1. -15 WO 2005/005873 .
wEADs0ERAD4/ 006161 14. The fusion apparatus oPCT/USI003/006161

13, whefein the apparatus is.substantially nobile and
configE ed??% ﬁ@mﬁg€BWHWBsaﬁfdﬁ§¥&35bdgﬁﬁﬁbﬁpnlgﬁﬂﬁ a control
mechdrish @6k &1 R JeakO6nd 45 1(1) SoRntuniSie R gH(? %:c;rg{%rl bt RBthRe of the

a secon condw t portl on, _COI’TprI S[ ng. ) _
first ctampypg mgchasisnarihe second Clagupiegimechapisgadies duidk medtiahisar the facing

eSS SR e O o SRS R, e e

proceSaiati i §naofr b @0 Jeadt dheicépbE&H 3NtHEMudibn 9@%&@@& e _
conmuni cation with at |east one of the Tirst clanping

mechani sm and the second cl anpi ng nmechani sm and

confi gyxe JWY t..one,of  the first .

clanpi%% g%%ﬁﬁ%%@%?%%%”%§§§§%%§hgﬁcWBﬂﬁFh eﬁggWgﬁﬁgﬁpmnmnls
configuredato sudisthand spatified tdropgittretit aabrfeds @ahé BetiterandcAGhing .

mechani sm posi ti onabl e between a term nal edge of the
first conduit portion and the term nal edge of the

secondpgondyt spos 5@%&?&9 ]pf: tgﬁierh 94 Ghetdn EISeIC ?orﬂ;ol lrge%zlgmism is

one of the term na ge o fiftst con _ portio
configared t kemammdateaivith dgé rakivehas o€ emiol anbdigithltinparftdmat least one
mech config melt at | east one

s B35 RSB IR SO e L Lt 2L Teesl e

heatink F@ng @it thERGeerHedhBgsgecond condui t portion
wherein at | east one of the first conduit portion and

the second conduit portion conprises a polyvinyl
chloride material. 16. The fusion apparatus of claim _
15, whetei nThg feaatappawtust of 1eéaim s twhes¢innibienleater mechanism
: ' t I ' Rismis .
includ8 BRRIRY 7 At e RN o Mo CBP O BT el s th
each dfftbe phatléty afdwhanoses may exiivabl giffelddt tdhgerhtusd, QRereby providing
apparatus of claim 15, wherein the heater nmechani sm
Zoneh@%ﬁﬁ%ises at least one of (i) a heating plate;

23. The fusion apparatus of claim 22, wherein the surface of the heater

mechanism includes an upper and a lower heat zone.

24.  The fusion apparatus of claim 22, wherein at least one of the plurality

of heat zones is in communication with and controllable by a control mechanism.

25.  The fusion apparatus of claim 24, wherein the control mechanism
provides for at least one of manual, analog and digital control of at least one of the plurality

of heat zones.

26. The fusion apparatus of claim 15, further comprising at least one

measurement device in communication with at least one of the first clamping mechanism, the
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(ii) a plurality of heating plates; and (iii) a
dual -faced heating plate. - -16 WO 2005/ 005873
wWEANsERCD4/ 006161 19. The fusi on apparatus oPCTIUSI003/006161

5, further_c ri.sing a contr ol chani sm ¢onfi gur ed
second Slaggping ATCHGHEROLIE (Y EERMNITEAlE. DR AIRIESHUA the hoater
mech@lspheast one of the first clanping mechanism the
second cl anpi ng mechani sm the drive nechanism the
facing nechanism the heater nechani smand at | east
one measurenent device; and (ii) receive and process

data siLgn f.rom at | east _.one nent .of the fusion . .

appar a?ﬂ's %%@%agpl%a}%%sr]o%ﬁ%g? %@”qﬁfel% 4 fegirement device is
configobelrt@infeasiree Heatiid Qlrfa0eehtBihsafel Seci@thi.gured to

mai ntain a specified tenperature at a surface of the

heat er nechanism 21. The fusion apparatus of claim

19, wheggei : [ 1S, figured t .

communt vat St pie ey Bl TR EURE Al AL Rip pyioe is a
least onapfit tHamaomater keds byoaetermeasur enent devi ce and

provi de at |east one of nmanual,. anal og and digital

control of a heating tenperature of the heater

mechanygm : j r \ ' . .

Mo o 2 T usibASop SRR AR B Whoflin Q{GS%PE%"‘%% 1 sphstantially
mobilheat condigessdgo bk nicyné th anomits lvdhtioe of the heater

mechani sm such that each of the plurality of heat

zones may exhibit a different tenperature, thereby

provi dimg 7RO Fudi8@tdpPstatuddef ThEnT 151 QReBRPAAFfheOmechanism
claim?22, wherein the surface of the heater nmechanism

includphat|lepseenealadppastiomnd a | ower heat zone. 24. The
fusi on apparatus of claim 22, wherein at | east one of
the plurality of heat zones is in comunication wth

and cogy rol ’ﬁ"ﬁ@lf&si%? a@PﬁgﬁE rzcﬁl cl:ﬁxg:%jirﬂgﬁeig%e Tﬂglleast one blade

f usi on apparat us arm e contr
portiomichanbidertippedblbdedemeant. at | east one of nmanual, anal og

and digital control of at |east one of the plurality

of heat zones. 26.' The fusion apparatus of claim15,

i e o Bl 8808 AR IR Y o
portiomgognsesy the -17 WO 2005/ 005873 PCT/ US2004/ 006161
fs gg io 2 gm%%% %Iﬁ Inrgw]gg%g}? %%@ﬂ@tgg 2"} %rrétvteermni%g g ées (r)]} tﬁeh %rst conduit

portion in an opposing relationship with a first terminal edge of the second conduit portion;

means for facing the first terminal edge of the first conduit portion and the first
terminal edge of the second conduit portion;

means for aligning the first terminal edge of the first conduit portion with the
first terminal edge of the second conduit portion; |

means for melting at least a portion of the first terminal edge of the first
conduit portion and the first terminal edge of the second conduit portion;

means for engaging the melted terminal edge of the first conduit portion with
the melted terminal edge of the second conduit portion; and

means for maintaining pressure between the engaged terminal edge of the first

conduit portion and the terminal edge of the second conduit portion, thereby creating a fused

joint area;
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mechani sm 27. The fusion apparatus of claim 26,
wherein the neasurenent device is configured to
wore@s087a heating surface of the heater nmechaPCBDS2088006161

The fusion. apparatus of claim27, wherein the ) )
measur SHREFRD 8’2‘\‘7?% &ng Q? the ATF%@“%H%WBP agd theesepenfegamduit portion

compARY aBhoPWiTRhR)ide duteridl€ fusion apparatus of claim 15,
wherein the apparatus 1s substantially nobile and '

configured to be noved to an onsite |ocation. 30. The
fusi on apparatus of claim15, wherein the facing
mechani sm includes at | east one blade portion. 31.
The fusion apparatus of claim 30, wherein the at | east
one blade portion is a carbide-tipped bl ade el enent.
32. A fusion apparatus for fusing a first conduit
portion to a second conduit portion, conprising:
means for renovably positioning a first term nal edge
of the first conduit portion in an opposing
relationship with a first termnal edge of the second
conduit portion; neans for facing the first term na
edge of the first conduit portion and the first

term nal edge of the second conduit portion; neans for
aligning the first termnal edge of the first conduit
portion with the first term nal edge of the second
conduit portion; nmeans for nelting at |east a portion
of the first term nal edge of the first conduit
portion and the first term nal edge of the second
conduit portion; neans for engaging the nelted

term nal edge of the first conduit portion with the
nelted term nal edge of the second conduit portion;
and nmeans for maintaining pressure between the engaged
term nal edge of the first conduit portion and the
term nal edge of the second conduit portion, thereby
creating a fused joint area; -18 W 2005/ 005873

PCT/ US2004/ 006161 wherein at | east one of the first
conduit portion and the second conduit portion
conprises a polyvinyl chloride material. -19
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