FUSI ON PROCESS FOR CONDU T BACKGROUND OF THE

I NVENTION Field of the Invention [0001] The present
invention relates generally to systens for fusing or
joining conduit or piping sections, such as pol yvinyl
chl oride pipin ' ard fusion -
process for ef %EM%%@%@?‘F@ joining a
first conduit portion to a second conduit portion.
Description of Related Art [0002] Conduit systens are

- used in nany apptfe SHgRHN RS wor 1 d i n
Ficldofkhe Idventidnr ansf er or- convey material, such as water
and other fluids, fromlocation to | ocation for
di stribution throughout the system- For exanple,
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e both unsightly and i'ntrusive.
Rel conduit systems transport materi al

[0002T @2 AniP L RkAG B ! A6 andifclnY .019%%‘&1{%%%&' fit order to
e.g., cast iron, ductrle 1romn, reinforced concrete,
transfes s rronESbhwetergel, seshcas withe apd psr Aunids,bfiemddeation to location for

s HIGE BRSURG B e RE0R0GT SHEGL BObR AEHRRIRy ot v
distribfiteevaterdin \bothemmsiderwbs askbusiiesdes foranaand filtther proases, T)i‘]ﬁcally,

I N- ound. pi ping fails and begins, to | eak, thereb
suh, il G Bl Sishds afftloSaif GndiRdobis oF apgresioppd gimag would be
both wadightlytand ireakivent o t he area surroundi ng the piping.
{moﬁucE%I eaks not only affect the syste but al so
[0003],, ¢ [, generql pmatey ¢RudUit sysjeres, Srnspent masial tsonghapping mangfactured
fromivaribut Materidl§; 'eQATAS HFIAE dudBffirdts $inoR3Y SonclE@fRhasbestos, etc;
t hese | eaks nmust be quickly repaired and preventative

The praessass beried; updeigraupd.oishuthe branshes axtaniioe in werieag direesions in order
to refdhaHE B iker.[ ROAAL DyBer! ary gr&%ldsa%’esbth&oﬁa&h the in-

. the conduit syste repairing a leadking pipe is
grounsh pipingufadle lapd [bgpios t¢ dealn fievebyaredudiigriine pressire agd unnecessarily

' d th ipelipe.t | ocate the
allow RS TPt ekt BbAlabdindbiBfte Blon fpks ] e it the
systepi pet dscincrensestbe pravessingacdstust the supplier, Swhidhe i tlif\i@creases the

' en _devel oped accardi n the prior, art in an .

end DA RS, BTt O51oE] Rt o mayenissize measures

takenfta bhstire thixtfortkbr $daRR iE prevli@édier to repair a.present .
eventatively ensure- agai nst, future.

k or_to.
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pipe or a pipe that has fallen info 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 inner pipe. Still further, using such a pipe-in-pipe system drastically




reduces the flow through the. conduit system and

evi dences- unwant ed- and varyi ng pressure paraneters.

[ 0005] To that end, a pipe |liner and nmethod of

instal l ati on have been devel oped, as disclosed in

U S. Patent No. 5,794,662 to St. Onge et a
redugtﬁeféﬁ fipw dhropelyfhecondat sistepy ek %@ﬂﬂpﬁaﬁ%ﬂwﬂﬁ% varying pressure
parafRfld cations. The St. Onge patent is directed to a
. nethod of relining sewer |ines, water |ines_ or

© [0005] nékp, thahgndise pipg liney mpf traethed n‘é instlefieny hewgbesn; veloped as
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osed to merel avin 'l ner
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exi sting host cond e lliner conduit is plug

[0006k  Scpord géﬁ dhenie Ongp patert. pace the densftyelide bﬁﬁl‘e%@@fvé 1§ wserted
into fRALikAE of | h@eﬁ rcoﬁ&iﬂ@ el iRk QB (;Jh%égﬂ be a0 eRkPhya exposed to

. pressure, whi ch urges it to exp and contact the
stearp. nderi Ryessvrg] th iceff the Hisers eondoiy raénnggltmbsgthcﬂ@dcmpbr preyryee, which

urges% ﬁ%o e%éaﬂﬁ lan& B0 Ll tthehigt?‘epo%J lwlaﬂs Sf(%[@ Qgﬁglmtd?ngﬁilﬁ?{ n'taw‘to Once the

erior “sur he exi sting con
liner cammdzaaﬁﬂlytehpaqdbmg&oafoamte theitelrior Enefacead tthet axmyng conduit, it is
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under ground condui t- systens, there is roomin the art

'undergequng cRemdvip sustemsyfhere derapems inrfhe asdfos rdditenalsimprovements and
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the hmrcbndnmm‘t be bhmebﬂeﬂ] efisile s thé linefoaidultés f24 Mmte ¢edtbst conduit. Tn
te.as the_.l'iner, .conduit is fgl into, th

addieRf koS Rk St ey U6 gt muPleBRete 0 oA Do pampy vie
joint h&vig@Otha %&tangw bf ihRlogiglaN8dnasit @hd Wheshl doBE hotGRGEALE the/ idm8ter of

j.oint having the strength of the original conduit and
the jojpfi e Bewand {be origa Hiampgternether ussrof mplEiplesingtconnectable

uig
condtﬁf Ilﬁ@ceQ ey aehl iRy bide aﬁb‘ﬁ@éjcging b AAREEAboved Hﬁcﬁ!ﬁ@d ansion,

| e and connecta urt preces is useful i
appligtion o example; thepish pﬁmultoﬂmartﬂeﬁamomﬂmtsab @m@c@ﬂqad}t usefaldn the

csso SERRTHE BB AP R s R o B Bt oo g e

- pipe thitds in need of rehabilitation, but that does not require a full capacity for flow. In this |
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case of sliplining, wherein a slightly smaller

di anmeter 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 -2 case,

_ the conduit is pulled in and left. in place, but is not
Caseeﬂqga:nm 1s palledos tané kefian plachdus pave expaedade dn nidstcases, the space

[
o1y 0 A5 P s i g
in pldsMewerHowmr sthi pslhphmng Tpo@se sBynRyuire thei ne bhdines ¢havfcould
I mmdat er dianeter
accol[ﬂngoeqzte aﬁ% Plcarqreg%% |nhef’§an[lﬁll'f)l?§? Fused conduit is
[0008] sd"uls@iq womdnit isn alsarneqm&edohh enanamp biheatapphtiond) CduchSas in a

s SRR R PR TR B! St (A7 oo

dlrectﬁoflﬂairillﬁrgqiro&@s | Thi ghethod QEES 2 plltd HoldRt the grothid Eu'lc‘ﬁc@ be steered
ot. hole in tge ound and can be steered .in

i eglBt amis i aehtioh S THIOR G SHBER o 1S aﬂ?@%mcompiete the
drill Able@s rebimed R 4 Rigeh@hBeteSarGRE &8, driiNBud #Hold he ®y r'h‘éle open.

med to_a | arger dlarreter and filled with dril

“The 5 Frsig i et pRsGrongh e gl mnud reidtingin p cordydl mglace However
this pRRBssPiehkifgd 4 Doy okt fbea&ﬁinHonﬂédthE Sdchinid® cbﬂp;lﬁlgs and joints

conduit 'in place. However, this process requires a
manyfagtged figps 3% ok BDBBcormodat e t he nmechani cal. coupl i ngs
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largeatpqdrauhapr preumRiio euttst headi to Yraak aparaoldlpapmd ifynte shel piecesiinto the

d k art e an
surof BRI, ik bl 41800 b0 R B e it R fing s o v
pulledllil.oﬁ‘/hls q:rmmi ipiupel wliere thealewdinel capgity nilisabe m&istahﬁaltyhﬁcreased
ne t.o bhe E%?l l.ed in h| S beoaess i s used

AISOV\%ecrOe Seﬁéjwell? PRy, el i a ﬁ’ﬁ%“‘l‘ Gt ially

[Oﬂlﬂ]nCFeﬁ&eﬂrocesééssﬁr pipe of QUhdELs hatvlée’o@él aw@ﬁ: b® 1186 Walise/mechanical
useful in a direct bury application. 810 Fusi on

Joints SEbadded Swifes at SF FeardPe dutiRLoint et rhemewlars@zis forapining
.ccmdhﬁ |sbdtibﬁs ReRR GRE exhrRplB! Soe BIOILGH N F %539§t26@ rto 'ﬁ?ﬁnt, 111;

usion joint or resi 'stive heat| ngbe ement

6 39‘} %ﬂzn‘iOn@ﬂdeé%ﬁﬁ%Fu@ 1561 tookeshunet B&21,56Dito émgh@n‘@ 456%4,789 to
S, B 0 399 8208 B o Bl e

ﬁmest@@gh@Yeyeam e ex88ple,osecE§l. Rataph Noand,002,84D 14 Shamm et al;
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foson, e SBREGS Aseiins) Hievesy i povigmeat 4 Be Siodbdiy s use and

operafthl ph:@detedd foNFusicd 08 b&%ﬁ?ﬁ éhlbRadedzan bendﬁﬁc %Méiyethylene

preexi sting_ fusion equipment is availa Howeve

pipe, t‘th%h @q&‘?ﬂﬁf?@ﬁtl‘)w&étbw&h@eﬁm teghniguas; EV@sElparhas normaﬂy been
limitedP8' ppliQioRA HAFRLE bS sérgfce(fl ke p&Pysg%y ?’ disy! Th13 limitation has

chl ori de-based conduit. ene
restrigipd thi use o BNETRIPS in qluphmag rtia}abiiwionfapph@nemse C‘Ihnrm there is a

 need e Rt 0%
ne iBh Cgﬁ gﬁlseg?v?%lé ?e‘f?‘e ott spl go? ] 0| Mﬁswckmth
no mmhmcait jodmts,nebich 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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restricted the use of PVC pipe in sliplining
rehabilitation applications. Therefore, there is a
need in the art to provide an essentially single piece
of PVC liner conduit starting stock with no
mechani cal. joints, which does not increase the
mecHaraenb jadnts.ofn additiopt dmiayriy stferkleds prvideectvaplingthat is capable of
. upl 1 ng uld.. Such.a coupli or . fused.joi nt nust -
witifitiding et ARENOR BRSSP eFenpial 455 gh 4, Rreggtitged, gppdsit

system@nduit and preclude infiltration in joints, by

el imnating suc [ Mol In addition, it
may be preferablrb&wg)?&g’ﬂ%mm that is

- [001appablse thefefors) ihoHjen dif g PresedbiRentDAtto @¥PAMS & ilkion process for
PVCgrocess for eventyal ,use I.n a pressurized, conduit

gda, thag guRiRpRe e HSECIERVENGT 1BR PSD #1] If dS praother object of the

preséEHRMEHE to Provid] £ &dsiodf prbbis BirEPROtcohdiie tat @low for the onsite
provide a fusjon process faor, PVC conduit that

connsgtrc dinmlipltelengtht of BNG: ewdt. dhis 3ptlbfurtier objept pisthe present
inveAS BGoRdd £Glsidd prb&i8s £ TRAEPindLit VIR bésAits 10a PiM\thalCeqBals the
fusion process for PVC conduit that allows for the
strengfs of; the orginplonfivh ansk daeg et igrieasecthey digmeter opthe jobh areatbeyond
. ! t k- r r i. 8CHL.s : . . .
the drigihed ofndult dibsnerbl ! 1367 BRLGniE of I MeER® Blyention tp provide »
fusionhprocese ot PV wordujtothat provides eqsingle pidve ofsstrbingtshockf with 1o
i i1 . NEL-EaSe - .
meciiftaflolh Wkt 1A 2 B0 R ndsBREREC o Y8 ot objet of
the presachuntentioratvgirevide 4 fusion prodess fohBY C ebpdat thaifproduees a joint that is
) esent invention to .provide a. fusion process.for PVC,.
cape Bl ER it g tiom e &1 rfelgne G Bl iy M et
of thel grésenioinvereiohasipe@lidd o ifilich probdss forPEC | thigtgsroduces a joint that is

infiltration through these jqQints, It |s yet. another )
consisfipb i i MEpseRe ot et 5 foghss rosiacﬁ?eft the piysqre invention
to prd¥ide &SMsibR prdd¥ls &RINSHPhtandsBlt dah VdUFRSIvElY Qbdal int dRhedt®n with

capabl e of subsequent expansion_and use 1 n pressurized,
fused: piper,and Joids insliplining applicstiprs hemgoatal direqtiopplediiling applications,

ine biéERY dpplcdi@nPiRVdider Rspsocess for PVC that
pipe roﬁlﬁ%: S % joint t at&lrggﬁﬂcoﬂ%%tent and has high

[0014)t r dhe tpreseniaknsention, is tdixssted [to & Hisionf proedse o b¢rslwat. ofhe fusion
t,.d ' [ OV S| . n

procsS RGeS SA sph NETTLT D bR b Kt €50 SoRRERAEER g H¥boona

conduei pértios. uFeximpthpe mchides fhestepsoft Wa)aleinpldbly pesitioning a first terminal

...applicatiaons, horizontal diregtional drilling .

edge P83 150 condE poriin 12 ) SRAPFIRG TIpATFER Wit Biffqterminal edge of a

secori doRGiit Pertivn; PP FebatthO ffst td@hiPEdel b 1Y BSLEHdnduit YeRionRAd the
s direct eg to a fusiqgn process_for conduit. The

first fepimaledep 0b isctecoi paRdBis PaRioR(s) Phgnies Biecfist (waraledge of the

first doa@hiP Porfioh withith€ SR HNLITRPEdRE QP tHeQe@nd ROAMNE pdr@Hfl Yi) melting at
portion. The method includes the steps of. (a) . o
least ¢ parbipn of the foeiternungl gdgecofithe Brst condwit pertion gud thedirstderminal edge

o L Sha SO BB o IR L0050 e

portiqrbyvith abé muplied derfriina ted g pffivadecamigeondfit tpoetidn; mad (f) maintaining
pros 3 O R b B4 1 g P Pl i cae

* of the econdeindeitl gertioh, thi@by 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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first conduit portion with the first term nal edge of
the second conduit portion; (d) 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; .(e) engaging the nelted
the nbeslrdpaating ﬁgemen‘exstdfea fiistosit appaaidel ifor ugedntconmecting la firsteconduit
nel t ed tnﬁﬁ)#ail FEH’ e of the second conduit portion;
portiof g asp§o URiPR pressure between the engaged
[oo13)er mh@ﬁljrs@dﬁeerﬁiﬁa?whﬁsdc difesfed a&o:n flislon appmm@fbr amagh ahﬁrstb conduit
- termna of .the_second condu t her.e
porties 94 %ﬂﬁ@udaﬁogg%amm T iR A o TGS for
engaphe aBd PBSticHind tehfief cdnidsit fbftivh Mmandstcbnd BIa.tﬂpﬁig MmBchathis® for
second conduit portion -are manuf act ured f

engeigs Ji ARG e EOTRRAINA PR A HHEC SRGBEHE is in operable

comrniNGabh WRthAn br HofL bOBE Tirst-hd seddi@ RMBhs AREK=ASMAGor driving
paranmeters of a fusion apparatus for use in connecting

themin fs JosgiuenabldirectioporA iRsing BedbagiEaic PosiRRAble beFieen 8 ferminal
edge [09 Qle3firsd E&ﬁtep%ﬁﬂ%: AV E Wi e%ﬁ:ﬁe didogi uﬁtcﬁgdﬂlp{)&gon The

fusion apparatus for fusing a |rst con por;
facing cmeahawo fifoesS oaf shavep dhes¢ trrminthedgsppdy beates erbpuigradieats and

melis (hnesf)% J] terl ng.p%t%ﬁws 5? Lfllg E%Pd%ﬂ%%&iogg %ﬂlg (P%ﬁﬂlt dfq'ﬂé E&duxt

i rst condu I on an cond clanping
portions afeamarsufachived freng@glwglyhctdoxm@s(PV@)mategal h e second

ort.ion,. A.drive nechanism.is L
to014] ik et chveio, ok 550 B CRPTHRE apd JERBERR B oper
togetlidr &I thg adiiidiansls eais é;@]r adsHinitygen therdolf eilli h%stabe understood from the
| ongi t ugi nal i rect A facing chanjsmis
ollowg8 estibibRe oD P HEEHh TEPIRIEE WBdent I Htppeiop with the
accmﬁlgﬁgiiﬁ tdr@@ﬁgg on and a term nal edge of the second
condwt portion. The faci n mechani s%@ ces"”

shaves thes@W@W@aﬂw Fﬂ%&% ani sm heat S

[0015? NAp; o MRt SccRRatR vieP bPa Hetbll SorlLANbA BrocBB F8ScoRtinit ARording to
onduit portions. One or both of the conduit portions

| theplmfefmmﬁoact ured froma polyvinyl chloride (PVC

8Ll 3l Qg]ﬁ!f The. plese | b rbdeSs

(001 ons rgc ion an ?gwnctrefte%o%;pa{fa og%?a I on, faJtrtré‘oglg'lt Eeb s o
_conduﬂztcbo:ﬁh\gtaﬂnblmsemhvenbpmcts and advant ages thereof
i 1.L. best be underst.ood . fr.omthe foll -

roo17f, g B e P OERT Y 05 > SR et runiihe W fysion process

_ forcoﬁ&mnmbtcm[gwlﬁ fithel acconpanyi ng draw ngs BRI EF :

O b b Gy S L 5ho ot i

pressﬁi'e Rédbdut a0 (ii'sﬁfo@ Ghd RisichRodREL e HVA wttlaaeord{ugaa@ig 1, with
ig.-2 1s a schematic view of an apparatus and sy stem

specifiy Auagtities; represgRiEcRAming) pipe dimetes, aeieide iR diEmetehanside pipe
di esicfile ‘Jﬂ@% h bQ0hdbr Fin@nsign Liodsi de secti onal
amé\% ew o{: a ?sae% % o' Nt ar ea resﬁll Tl ng fromthe fusion
pr ocess DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0019] For purposes of the description bereinafter, the terms “upper”, “lower”, “nght"
“left”, “vertical”, “horizontal”, “top”, “bottom”, “lateral”, “longitndinal” 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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for conduit according to Fig. 1; and [0018] Figs. 4-9

are charts setting forth opti mal operating paraneters

at an interfacial pressure of about 140 psi for the

fusion process for PVC conduit according to Fig. 1,

with specific quantities representing nom nal % pe )
folloiiegrapeeificationt asé simpp qrenglamnembadimenisefdbe isvgion. Hence, specific

. ial r a. - [ . .
i g ¥ ot oy R b R AP R B B R isolosed herein are
not tEbBODIsMENTSs [i00i] For purposes of the description
reinafter. the ter ! . . weead Lt "
10028 ¢ (Yol GigpercaE et g BRI . s G ecmuse these
rangéd @t esmtintious, they fictudd ienay Valaa tietseer the iiniesim 4ddgnadium values. -
shall relate to.the invention.as it is.oriented | .
Uiy FapiyTy (ipu! ol ey iR, fimorfal il Focfled, B s
applichifori 0% ipkdxdmatiel. assune various alternative
ri.ati ons and step, sequences, except ere expres
[002{[}c Je i REereRio MY RRoB R FEEPGA 1 @ FUgioR) BECED oSO BRERY ®
polyviagl chidri¥e (BPEY tdridGit M aS a ditthddrfocRsiag s firktlcosduiniordon 10 to
in_the attached drawi ngs, and descri beg, [ Mﬂ?e 9 tus
a seqopf PR godiordPs asdivstigied mpchempipiopm &9 Eigp fofn @ fusion appara
14 £ B R BEmdd) el EREED BmbbieRER, theR@shdd &d fusion apparatus
di meénsi ons and ot her ‘physical characteristics relate

14 may be pecdeipsommastion withasepduienrre @i MogFeand Rypicpme Whereby 2 liner
condaRN8! SRR S %ﬁné %ﬁéﬁé gﬂlﬂhan% E&?dglt g\(ﬂfoh@,lésg N8Bt €& duit portion 10

ranges are_discl _ hi's patent ‘application, ]
and Beceesd cohdiseportiom d@sis poeitiound: within ashost praiuit fer latge expansion.

o 45 VA BBLQBD 0, YU R Pl b i

W SE€,
succendiver fusish ofangeimits petibhid. edAs rset Horth abpyy, i thatlimen nduit 16 is

) roxi.mati ons. [0021].Th es ihventi on iS..

man RS 0P 4 Bt moptssht iasebinf sBra FVIc, HRIRPRR 87 bi¥isigoed that any

mate]?lﬁl )]flfuiziﬁglthe Mp}?fdpﬁi@te( Bhfﬁi)ld Si69 I’tﬁmiatteﬁéﬂfgl aadi b uaemg ocbnnected
Qr usi ng_a Irst conduit ortlo to a . .

accopdigtgithe Bisthod s thepreseat mve hhe Jusicn DRRERIPE BVE Sopduit will

work d¥ebtighly With 3fHdr SS9 BnABRIoBInSic-bhéed iter@IPirdithétthoplastics.

this nethod. In aP%;e erred enbodi ment, the _nethod §§9 )
[0022] s iASTM, sisadadufer PVL pigg apreavsilalle for apges of pidHves i rf i resm

that ﬁﬂ@%&)uﬁ%@ﬁﬁ{%‘gﬁﬂﬁﬁﬁg afio Bl SMad MHGL:E kﬂ%\?ﬁ&, S all the -

conduit 1 h forned from nultiple conduit .
possipleraombiretions of additivves willrgork dnthe worduiicrxpansipnggocegh dlhiah i to say

sec ondui td ' 0S4t i it i . .
that S AHIAC PRV plpe Rl o K6 slcReBITahd ABE fath bbb onauit
'mmhimaﬂBﬁtaﬁpﬂwﬂlm@m&mnmmmﬂﬁbﬂﬂmmhmrmﬂmﬁﬂaﬂ@ﬂﬁmmb@@hﬁ. .
o0 S SR S T W00
- must HEBFHAR i BeckibAd1ToR 14tESh BRG] MhePBire,Wile the Pfderd Snvention
PVC, wever, it is, envisioned that any . nmaterla

|
specifigillydjsqutes sprospeatisn and fisancefdhe firh ponduitmortiqncld fodhe second

condgl? gb‘ﬁi%ﬂ 18Nfle RUMRICIA FusiStE Sfatlindidl 4 Be ERRITRESAMinonk&8ing any

sent 1 nvention. The fusion process for PVC conduit
numbgk lahd 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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work effectively with other simlar expandable

pol yneri c-based materials and thernoplastics. [0022]
ASTM standards for PVC pipe are available for ranges
of additives to PVC resin that have various

prop ties vmtiapln the all owabl e bands of addit_ ives,
7 secqpq copdpit pagion 3 stem [ QD) c3rBE fa temmigal sdge 18 of the first

con@ﬁkdﬁo&ﬁdﬁeﬁo Whd theweﬁahna rea%@ 90 &P st oo BsHagH %n%ogeéﬁep 120);

That is to_say hat no PVC wat er pipé wll fuse

. alignipg the éerminad pdfien 8cﬁf thqw@wbmyémﬁm@m af vaih thm@rmmﬁb?dge 20 of the

SeC L] P & 1S
oﬁ@ E&Hd'uft poﬁiﬁg 15%‘[ r}@HO), x%{e@hﬂé ﬁql dr%{eé f)%rgﬁigﬁfﬁ:ﬂ { Fmd%zggti:@\a 4§ of the

first splid@é Ppﬁ@nd&wad ithe temapeal silem2Geidbesssontennduit pertipe i3 (step 140);
mgégﬂl%%é fbiked t&?ﬁmh e 18°6l‘1ﬂ%“ﬁ# é%dgfg‘ﬁéqahg ;‘ig %;ﬁgﬁ@%ﬁ#ﬁféemmal

i'n-sections for later insta
edget Heofithe sesnnd p@nﬂarttploctmn Bpeep fl50klahg ndirganisg psestiire between the

enga%gc{]%ﬁéfnapgd&%nﬁ fjﬁll q’:{] porlPFBI)I!tlrfétlo IadtHe %ehr%% rai iﬁ%’gna Q(Pof the |

secC COﬂ

secohdl scumimt @pp@naltzu eheﬂaﬁy areatm?gqm dilsey Jaisefred 21 (stepor6OpCIn agreferred
rrber of er. co t 16 portions,
and § T 3R e, S0 bl e in SRR 28 of P ot teast a

portienbHitie mmwntteheﬁaubetad 24apfeadiag droudd tesfusadjbinbaren d2 ¢dp 170).

This? d ite t | oy th t ted. .
TR o pBmaT by fhe Silen Apatears Lyt is SbsrtioH gl hereinafier
[0025}1 CReg8ing f@@que,rtﬁe @fminhP&IR¥ AR lo OBk doRMiNGorion 10 is clamped

term nal edge 18 of the first conduit portjon 10 in_an

or h%tbﬁfo@?q?ganﬂaoaﬁ%eﬁshy pling elAmgingapeehanism 26 owhilg;ie sepogd conduit

'pomsqu%cc@ﬁgpéaomwbzammea Bl $econd! Go &Qg)nqecﬁaﬁéﬂmst h%e first
term nal edge 18 of the first conduit portion-10 and

clampipg mechanipm| 26 ek tirosepnd plempingonacheningu?d avopart ofi thep fusion
r

eppef R b lom, B L0 S ek B 18085 ol phidy 10,and the

secontheondgi portinckh d’mrtherpbmﬂlitbmﬁm clantpéng msﬂ)amsnelﬁ anrbtlmt second

clamgﬁ%%hl Ean? % I} c%%xb €0 bte%g gPWn%ﬂn@é%gw; %o?, dgsxgnatedas

arroveek GhilB1gC Qnmréfom & diion m]:éhaﬁ&h:ﬁfw 40 bperaﬁl goagingichtieh with the

i T, A oEAG 15e 8u AR b B9 1

neced@ﬂ:@@ﬁbﬁagﬂ@fc& kORotthe St Blaﬂs@ﬂzg ;m&URehifA 26 aAd/BY 18 second clamping
pressure between the , engaged term nal edge 18 of the

m“WF@@%‘&H&BPW‘?S@PPFWﬂP“& lthe termnal edge 20 of
[OOde]EeTheSt%&Qﬁgl &120980f uﬁ%ét'oeﬂd orﬁdﬂf{cﬁma tger : eicx{.'aﬂa 20 of the

joint area 22 (step . Ina
Secondcmnﬂmtrpolitlng lérmumhmfmed mrmdwetp mubhahra hban Ant perdel mating

e T T e
the tgrminat edgee% @Xh¢ fire moﬂdxﬂ)pom&mes ametlbaekmmal pégd DO ﬂﬁdJetLybcond

t.he fusj ap ar at 4, whi h.is esct i n_det
cont i £ h LB Al s 50 D P o st
. out Oﬁjﬁ@ﬁmﬁ%eﬁeehlﬂﬁetﬁmﬁﬁﬂ eGSRAUS, 120 %Hbﬁ@haﬂeﬁ Hysarfblv@fﬂl)ﬁﬂ?lgcﬂ The
held in place and posjtioned by a first cla

 facingmephanisah32 gontipNey 0 gmd o dacsribe teoRRH gdgep 6% Phtat! g minimal
distareh 2GRS RAFedROHe! iR edaliyind REGRRARC BRI IndrBeba %mnpmg

28. The first cl an'p| ng nhechani sm 26 and the second

mechaigmFi8n g Imecprafrisd and nendimiting epfbodineent, Uhe dacing mechanism 32
includes one or more blade portions 33. These blade portions 33 perform the actual cufting

or facing operation with respect to the terminal edges (18, 20) of the conduit portions (10,
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apparatus 14 and allow for the renovabl e positioning
of the first conduit portion 10 and the second
conduit portion 12. Further, both the first clanping
mechani sm 26 and the second clanping mechanism 28 are

B e

for BB ROASIRNSY dnd o aeaaiefe !fa%ﬁig‘épr@é&%’ﬁm HuetBdr @[esmsrhldtsh@ped blades
first clanpling nechani sm and/ or second cl a

aﬂowEfehﬁlﬁﬂreswaﬂtﬂmgemfdb? bledrgprariens Fewidlaauh wearng the %ng edge of

the ﬁl@&@@rﬁ&s ABY B rthfsd, teshe @1* ARk, Dot & 6ccﬁﬁﬂés°£trucmres
second cl anpi ng mechani sm 28 into or ou

311(1@1?@9&@1 #‘gﬂlffb@"tsi@ﬁd [ 0026] The term nal edge 18 of the
[002‘7;[]r St shR4 I {2 Both An@ st aﬁinélﬁé rﬂlé:\]}? 4051 W &l ﬂfe second

secon urt portion 12 I n order
clampingmeqhphiss ﬂ8 axe@d nwh he meviablea oalyl aak ofrwhichds requirddde be movable to

| alloJrﬁ-Lé fﬁsﬁcdoﬂ&ﬂ ortigi g&g%@%&n& t%&%&gteﬁﬁﬁli&?%%g‘ i efga%efd. In

03| I onabl et ween nal
opemhen,fcmesor bqihdoﬂ thepfirst ickmpiy ardhankee 261 aidndle wgmi 2DBmping

+ mecflnsil 28 RECARRa, RO S inBub: Stabbion] 52 RBRR el A qarety
betwah tief fysb slamiping rhe:ﬂmaaﬂ A6hendt mf:mbmﬂ oMagﬁﬁg (:anhanEﬂj 28. This

a deS| na ed by arrows Bin_.Fig. .The ci
P, SqQUBGPh G BPIEEOE B FEY frafe porton
10 aﬁd g@ﬁm{ &&duﬁ Phrtivntiz| cefteflind iafil@bvith GoSde®0fible@th S Flrther, the facing
mech i A oo BN e HIth VA s ghlar pRGrsiogs. Thie Al prvide =

smoﬂm&'faéd’ﬂﬂth@&)rﬁﬁﬁﬁgﬂu 10, i€ facing mechani sm 32
i ncl udes one or nore bl ade portions 33. These bl ade

[0028h tNexhshs §I-‘=‘|§ epndyitrportign HE engdhsecenst eqndpit partionald) prpfiles must be
rounﬁ@d3 diigRedNvith L BIRRE In 6@?&9%@%@ ?@v | RRERE o tﬂ-ﬁ coridhit walls.

e condU|t portions I'n a fur

Thlsen@obn arsomplished bly ladivetingthe ifiost Sl@Ping wedupisnRs andmgéhie second

o L ' . f.0r. [ d

clanft G 28 ol Bl SustoClale OF o RO ShARRo,B0) Bpahes e
outsidk alirescteradfl they sbapnd ronduif p&rqom rit). us axgées(rﬁblb hhatthadiest clamping
e B8 55 e o8 S Bab, A bR Phicn i
in-eifher @8 girdi @BRdhitoaten 10 zﬁﬂ/or@]ih’iiebﬁﬂﬁcon&&f petit 3 sh;qmg during the

materials is also, envisioned. [0027] It sh uld b
fusiongyresgss Hete pigEel diskancs FW@P%E’PW@%E@ SPiBE Byvghanism 26

and i!h@ §ec%§& Qﬁﬂxpm‘fg' xﬁémmﬁﬁ’m IRGHERS ﬁi@ fie OR&H: 1519&01? £0 %&/&%@semnd

yoneo |sreqU|re to be novable to al

condtlﬁ @ortiond g te bﬁmynﬂeqwmse as n@sibledo theainieadesiging m@u‘i['he closer to
. ' . |
- tro iR e prli Lehif pBRAROAR 1) Lan BPERARLA e TG BB operator
2 hasmpmppﬂmghgumiham@mt@ﬁrtmne(h@pmd such that the facing
chanj sm 32 . S et.ween
1002 RER, 38 Fbnin, BE 16 i ok coBBigr ACHIRR T e R 4880 edge 20
of the lseowpi mgnmﬂpﬂbwmsm 2% .hedibil 5r nefed &f the Redquired iteleserdtore, Mmierface
subst.ant i e fac er _ndicular tQ the first ]

Preosi A, G TR e BBt 168 fechokepndit porton
10 amies%@ﬁd ¢daEuid Pertivh 1l 4AQ 20RSIRG‘BBAE® (F3Ratertl rvhn F5rm htfle terminal
edges (18 2(% This heating process is effected by a heater mechamsm 34, which heats and
melts both terminal edges (18, 20) simultaneously. This smlultaneous heating can be
accomplished by the use of a first heating plate 36 and a second heaiing plate 38, a single
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mechani sm 32 may i nclude bl ades with various angul ar
orientations. This will provide a snoother face on
the conduit portions (10, 12): [0028] Next, the first
condui t portion 10 and second conduit portion 12
profiles nust be rounded -and aligned w th each other

dualrﬂchdrhrewnaniatmorr prhprzleeeaw mmsiiarecns beating of betdepuinal edges (18,
T
20). 8k b3m . é:]l‘re ﬁbﬁi A GRORR o B%Sf/ijagrgﬁ% kibid EQCJPQEHB of moving

firs anpr charii sm 26 e second
into plositipn hqwn@tﬁaﬂmmm@sdgmt(l& whembhslphden@a%ﬁheﬂﬂewusfpmcess is

coméﬂfe .fﬂj v&}ﬁ&h;? L healR 5k Con%'g {'—Eﬁ e on E (Pufkﬁ:ké}&e the heater

ter o e secon
mechimsint Hbshouldralto Hetsoviablestuck hamarailg mmbhémmwn ,Zl& Tamdnal edges

L ST P —

embpdmientothe]ﬁatanﬂéﬂranjsheMs;ﬁomﬂet ﬁ':f)mhel]icamig Wit nesiha:t to the surface

of t hebl B FRI B, £ SENBB AR GOl 159 SppndBeeing plate 38
Accordigp) vaious @ortivnsl of e I&@(ﬁ@ﬁdnﬁb@lfﬁl EGmiphs; eeniysper 281 the lower

allo first conduit t|on /[or the .second.
S8 TV LT PP oSt THu T AOH- A0 96 & mete S Regpalting of
the tbmhm%dgést@adm iy tBtth@ﬁﬁ&al PiRics b 8RR heaing plla»ews OwRdrein heat
ar ea that the. conduit portjons (10, 1

2 .
rises gl rpEyides e diffrendial hegiingoiniarisee &aeﬁ%\r%ﬁ Cﬁ%&@f igdges (18, 20).
Ther@fo?ep Ql]ﬁé ﬁ'on%lﬂegt'iﬂgnﬁoﬁlﬁ %r&sﬁ?&df&ta Bffokh ?ﬁ@ﬁl@ 1Brosdl - termmal edges

. Next, the term nal edge 18 o he first cond urt
(18, @6} t lig also envigionebthetbthei heater mg@n@m inghudehmulipdopenes that are

contfoRB& Yt Eodrfh%ﬁjhﬂﬂg %gt]zﬁ | %gxﬁzﬁgsggﬁo MepteClnteB1 Saamsm 40 would

require pressure an
provifigrfan ﬂxenndxmw@m@olsxi eatthzonieda maxithilze rﬂ@r@ﬁmancer andt ageuracy of

the HeldEe Sk Bhis ORI & DAL Riord AR pREERALGAMinal ogecs (15,
20). afhd dp?ed ef mmﬂhl ofﬁﬂig hsatéﬂ:ﬁeclﬁllﬁﬂ)sm mwamﬁg pravess ogether
eat.er c [ 34 [ eats a .
with sy ek Feaihe B e g, 35 joesiipt fy Ao ergnt The tme
mteﬁdlh@rﬁfefﬂﬁlﬂshﬁﬁ,%@ heot dhdendsan be acconplished by. the
of a first heati ng plate 36 and a second heatlwagrhoneor

I°°3?:l| at“és algo envigpnrg) that thegeonirg) mecharigmf0atypically iigesated wit
moreohi%uréﬁé}ﬁ Sdé¥ices, E@Jleﬁlﬁfb%%% et 'fﬁ%lpf bids U Bf T Nédhntrol the.

edges he facin anism the

comppagnter lgmqﬂmles thediystdisatingplpte 36apdlor éledrecwé\heﬁ@ng plate 38 may
oo 2R R PEEE S TR 0SB kgobhlingcon

time as
for setting mdowmilding theese wa:@e:eruwse dﬂimvsmﬂnaﬁh@thatjﬂiw themmoneaticrs can

here ore ter m34 houl d be
onty FE S & Bt ndlSRisF s, I G2t BEEE, o thaometer and the
actual errfﬂca edmpeﬁiagﬁs of (hb8ermah) edgs (185 20)) Ta sl rekgdr@ﬁlpgvme&r ioR other
F| .. I'n a further ref rred ang n-limting
%P%ﬁ?‘meﬁﬂ’é‘ﬁﬁéﬁi’ mﬁ‘ﬁ R &P E”‘g‘r%?/f’%‘é"l f’%ﬁ"h%ﬁﬁ%‘*o and
- used Peddicaliy b Eﬁbufe?;%ﬁﬁ&tterh}?britﬁﬁ oT¥hd Bfe€heaihg bliee FEAPér the second

nmechani sm 34 e first heating plate 36 and/or the

beating i) 3Reall Hyfisther enggionedrghnb ay il (e eomfPbgacchanism 40, the
' thenﬂ?)‘ﬂie&ér@&%&ﬂér shitfoe 16 Rb RGeSt bds s Jv% s & ?‘%ag de\tl&% that provide

upper an ower surface rent
a moteeAtp@Rigtagagyre afiflicontral of merheat qipﬂlcd\bymh@tm@hmm 3 mSuch
digitaﬁr%laﬁt%cﬁ% %Epecially 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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e

the term nal edges (18, 20), due to the natural

physi cs of the heating process, wherein heat rises

and provides a differential heating interface across

the term nal edges (18, 20). Therefore, the zone

heating would provide for a uniformprofile across the
cunﬁgdﬁmpmahreerdrgm muychgor@ piecision thag the wse ofsrchg fusier aprseatus 14 in

t he | Mde I
conniiop | 26 oD FORED PRy A Hai et 3 SOBERaliiR bl zone
heatihh)i rovidext ﬂfn&hhnd&é chutril shard@eristicd th thp fisidodapphmtust Heof the present
i.ndi vi dual -control of each zone to maxim ze the
'mve%“fllm ency and accuracy of the heater nechani sm 34,

003Xy t FuAhdrete|stfides 6D R maﬂ:ﬁgoplmep (38, 3B)estmaldobs képt @lean, and any

termn edg S enoval of the
coatifg g &ﬂ%@r@ﬁﬁ%@%ﬂ%ﬁ@d e %’1‘?0?1?‘1‘8 ot JeAged in By way. After
the ﬁeﬁﬁﬁﬂh edges Wi §,h20)hBavePBRd Kdated! BAPHE gmb;hse tizg¢ rantiafo the proper

edges (18, 20:1)1“3 gether is also | nt The, ti 1
tempg ?s\Példlﬁ‘GBSSB Bfrepmaliery herizpier mé%agp {5 tpmoyed Al the molten

tenningpé’t%@s kis,i29) %é@roﬁﬁif'ﬁge@{b? Gyitthalffidibe peydtneolo properly mix the

nec anlsm40 typically-integrated-with one or m)re

" condpis metariglvdm foradliogmegenqus jainipte s g fyeediigint apse 22

{003ﬂppé¥1§tfu§adl%n{t Oar£0R0T Blist! e heROTRARER ﬁndquafm%ﬁénmﬁ cooled

Irst heating plate 36 and/or the second heating

 adeqyitely ¢o Q@relmythe ppreqisteppiwasthi (The hidmvliomrespre previdehly)the fst

clamgih?tu?echﬁgﬁng | Be ®t %x{sl)ﬁd Q:ﬁm% anp HRAMNIsHO28 RGLE laccofn%ifl.\sh this.

ese eratures. However
Allowiag pb@et thiates mhéqrepreslam fonetoding pualnto mmloyaltfeom ey figst clamping

”@ﬁ’g&%@%ﬁ%&? ”%‘ é’%‘&gad:lrl ace e ergﬁtﬁre 0 ‘@[ﬁgejomt

integhigf, M nal edges (18, 20). In this regard, a pyrorreter

10038}, &FE e S FObHS b G bIo A SR It o g bead 24,

well REEh Sfléraal deld U2, SNSHEEt Bf BRPpliiniRedsadeud ehoneltbbmbierial The

heating pl ate 36 and/ or the second heatin | at.e
. extomal toad P rextres aww SPBrige Fyspd condiyt TRV B Sy, he

mterﬂm GRS Bélls fWed P MEHIRE bRt infehlA€ vafl Wsl 2R extemal bead

enperature nmeasuring devices are digital devices,

: 24 shphldtbegmwad@noatqmm the bner senduitd 45 fhe capdnibenpansion prpcess and
‘ h r
i) 5B 4 LA B 1 RGO 0 P i o

the hﬁer&mdm‘amomthnuhe Hott candul edien mhsg;mmd:st nsed In @k £XpapXion process.

e 08844 2550 D BB P DDA 1 o

 an inkledd &{eeﬁm&bnﬂﬁi’t exphat wallo. tl"bp:ﬂa]lw GldJﬁ&rmﬂ et 42 meed not be -

fusi on apparatus, 14 in conpection wt

- remoyebanck dpes nof RRayidy; ymeogssasy, ATYELTe, copitsmiihin o P it 16
' Howév'%? i 9B 2 h&AtdNgoulR bR \desifsd BN ARGE Ghs ABW 63 material, the internal

characteristics to the fusion apparatus 14 of the

‘bead A2 gy glso beggraeiedon. [0031] Further, the surfaces of

[00344“‘9&*%&@%&5{69 5?&%&@1 uﬁ%@cesgfgj r%%ﬁ%v{é ?@é&eﬂe £i5de@ Jint AGD2 may

coating on t eati ng plates 38) shoul d not
be snbglysmt andteetbved, auhdrtmgmcq:sn repeytedaFlowayerethe regsens the fused joint
rm ) en f
area ﬁf op :}glflty ngn%uf‘d ﬂ id%gﬁcg fo %rlpqg, t'ﬂg %&%jol Iﬁéchtaﬁi@m 40. Fusion
process diagnostics and data may also be processed, analyzed and presented by the control

_ mechanism 40.
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tenperature, as discussed hereinafter, the heater
mechani sm 34 is renoved and the nolten term nal edges
(18, 20) are brought together with sufficient pressure
to properly mx the conduit materials to forma

honbgenous | oi referred to as a fused_joint_ area
[0035. ‘{%’Gb me¢ firston Iresierh opgroEng pramties: e hpigehormula used in

gmﬁ%ksnﬁgﬂ%s L Reddiiblubing POCAher AHRGHAERLY tO
eve o1 appﬁggéﬁate streﬁngﬁ Thgrhydraullc
pressure provided by the fﬁ&ﬁlmﬂlﬂ anpi ng mechani sm 26

and the second claﬂﬂgﬂg mechanj sm 28 ;@ould acconpl i sh
this.’ A||OMAng pr op sure for

cooling prior to renoval fromth€afirst clanping
mechani sm 26 and the second cl anpi ng nechanism 28 is
inportant in achieving joint integrity. [0033] After
- Furthdiethé sain0la £ ealssing thirluft us pige h@fot ads @SaPih squard drhesis:
: the external bead 24, as, we]| an internal bead 42,
as a result of the appl? %¢¥¥§®¥b to the nelted
material. The external bead 24 extends away fromthe
fused conduit external wall 44, and simlarly, the
i nternal bead 42 extends inward fromthe fused conduit
[ I
T BEIOR: chibteo L omnly B ke (P b R B gty g 5s 100
squappinchuist expansi on process and system Specifically,
t he external bead 24 should be renoved to allow for
full expansion of the liner conduit -16 within the
host conduit when subse@uepShy Iused in an expansi on
process. The external bead 24 is typically
substantially renmoved or machined to within 1/8 to
Fmalll& ]tEc Ofmuiarfor m&‘lﬂit{ugtﬂmhhu %ﬂﬁgméyéuﬂet(mﬂ),ewhai pipakirface area,
|caII e int bea 42 pneed not be
inter 3@%9 uLg ppd d’éﬁ eﬁ&'ieaﬁf Pary adverse
conditions within the I|ner condU|t 16. However, if
such a bead 42 woul d be deened adverse to the flow of
material, the internal MEAFBE2XdBy al so be renoved.
[ 0034] | f the fusion process iggunsuccessful or
otherwise faulty, the fused joint area 22 may be
sinply cut and renoved, and the process repeated.
W§¥ é@e reasons the fused joint area 22 was
Roul d be Iogged for exanple, in the contro

wechanlsnﬂﬁ%u nosti cs and data may
al so be processe anaﬁ&%%gi %Jggesented by the
control nechanl%quﬂ tm:ﬁF% §5] Wth respect to the
fusi on proEess opera g paraneters, the typica

formul a uged i at i ion, aratus 14 gauge
pressure é& ng P t?&%é %“TéF% T m(ODZ 1D2) M3p

=4 XN R fngide Diameter in inches x itself

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
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Further, the fornmula for calculating conduit or pipe
surface area (pSa) in square inches is: pSa=n 0D24D 4
The formula for cal cul ati ng gauge pressure (Gp) when
the conduit or cylinder area is 1.00 square inch is:

10035 Pt eiar S5t 854 URpFIenien Y DR TS 49 dave bemn

createﬁtf&r ﬁtﬁﬁﬂﬁ 'estﬂﬂﬁﬁﬁg' Rf@rl(ﬂﬁq:aﬁa\/ﬂeldﬁﬁﬁi udd ﬁﬁth@fabéﬁCﬂﬁhﬁﬂa@men the
known, is: As used herej naboye:

intenfacéq) |Pﬁf‘éSL§§Lﬁg@’°HF é%%asrle Iﬁsthese phats, 3omingkpipp Gameter, PW&‘#%\ pipe
dlan% S bile d@n?éi@t Slcfabd aled Céllﬁ? e YrebsufLadd dilmbRsion H4idi A€ all set

D ameter in |nc es x Itsel = Interfacial pressure

fortly. 1 Hp @gmyierm is (gsed aoyl-Ph dpthely BTG (el PR mgghine gange:

presiifi€ BEE psi V\Eﬁtssiﬂ "Hi QL 8- ARRAI LY | Sk bﬂa%Bﬁé aﬁap 5.should be
uge Bress en cylTndef area 8 -11 J
dmc‘rddrbyulgﬂwc}émd@wstwe squase inglps ofi hedeashine i be 16A, TIt ﬁlé‘ler o establish

pmpgs1 ?%ugf? Pfe sufé xgsin A %Egkaﬁﬂﬁ SRE Bt m%h%?t{s efle ﬁlgtred %H%é‘e@r&sure in the

g varT ous parameters for " use I n-the above
charfsandrtheafigurds eioujdibe dmde@bf theiefbotive eglinderaresofthe mackingin use.

[OOSBf é’l legﬁlrtggg‘? %lt]%h 1%@ d?ﬂé nlﬁ%ﬁerdfeg% rmu&%eséﬁgd to the

surftace area,
calcglated) gaype pRasUre aranﬂl oﬁmﬁﬁs Bmmmeamea nmdaidns,saag windy tafn, heat,

The ¢ I|nde a i,S. based on 1..00. .Further r
coldy oy Heo PIRRLS HEisar 70 TGS Sdiried elbrapishvy Sy HF fyeters
maytﬁbﬁreQﬁHdlt for iiflcléth@f -coddiflons! hﬁuﬂtﬂe‘st £ds gaud ahfty esliky polgethlyiene
fusiqe]ng Sﬁ?%@r_gpgg Y Ided esis I past g.‘é"na | ge:?dgng Sepreader

" bars @5 @] Qshdﬁl@&eﬁsc&ﬂi&%dl% tﬁe(?ﬁyé ﬁfélf’l Bhdaitlon} hel @%@mg length
sizes of machi nes, the not pressure in

of fuspdhfipey cgnduit ke usmg @rhog agrhiwa B %wwg@éat%wl%@sult in the pipe
becogﬁxg% e\f?exﬁ:‘lé A8 fer EU 183aRfn L1 weBEH ne in use. [0037]

rag resu t| ng from pi pe weight and roller
[0038195 ils thinmenegsthe presend diesgntion priowidecaimethiod od) appageas for use in a

fusi M a0 BBl LG e i, R ST SRR £ QRG] hprosent
metmld Iandt\qq)afams adioes farnixecosmedion of sdltperoouit pirgbys or lengths with a

joint at he egrgt%ﬁ}s ?fetga Xﬁiglen?l;c%ﬁ(g@re@%t({qgg nAt Eﬁc{r%ggﬁn diameter of the
Jomtﬁ.@éa}lféwiﬁd @B Original conduit diameter. Still further, the present invention presently -
invented method and apparatus provide a single piece of liner conduit 16 starting stock with

" 1o mechanical Jjoints.

[0039] This invention 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.
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fusion, PVC fusion nust be handled carefully,
especially in axial lifting or bending. Spreader bars
or "Y" slings should be used to handl e the pipe
safely. In addition, heating a long length of fused
liner conduit 16 using a hot air blower or steam
generator may result in the pipe becom ng nore
flexible and safer to handle in cold weather. [0038]
Vﬂl } p Jmnner, t he present invention provides a
Wé?ﬁ@&n na apparatus for use in a fusion process that
is particularly adaptable in fusing polyvinyl chloride
1. ARRhel tfor fhfiRg BTRS BAduit it toanN@caiindhaiitforéibh, @omptiihg the
t he connection of nmultiple conduit portions or |engths
stepfiofh a  joint that equals the strength of the original
conduit and does not increase the dianeter of the
j Oi
tor FhBBRERPYARR s AN Befifle SO e SR 0Bk B peilidl n an
oppuEhf ffdiatamshm p@&faﬂrsls‘.eqnnna/lledge af the segplond pmneluﬂ poftiohj ner

con 16 s i t it no ni cal oLnfs. .

[ 0048 oeRE e aRPTE HesoBbe APy o the bt Saminal
cdgk of @k eB%ad tonduigopidf er red enbodi ments.  Cbvi ous

nodi fications and alterations will occur to others

upof©)r dgainggtha dirstutearaingt sdasi oy they st sprb@dpartiory ity the first
tenﬂﬁélferdF@BmQ sec'ohd &éfuﬁg‘éﬁfiﬁd that the invention be

const as 1 nc I'n all such nodifications and

al t éd)ahélomsat ledsPa vmmn iof thel fastrehing edge ofhadirt cdndudrportion

a fi du ort on to a second conduit
and g bREicRouogf e SRS Stdonl 2ehdibofort y °F enrovabl y
POSi(d)icapidify teimelted torinl ede FUGENOf conbigit hotish weNBEnklted
portion in an opposing relatjonship with a first
tem@lealrﬁdaﬁp Bagecond cot PORIRgaRDNdui t portion; (b)
fam
por {1 el fxbeshf® B B0 Sfadd Rl ik GORETH condui
poriamatyl the ppominabedge Of Yheaske¢apdi cogduihporfipn, sheretorareatink aduspd joint
of the first conduit portion with the first termna
areaedge of the second conduit portion; (d) nmelting at
| easheseinp o lehsd on®bf theefikt ¢didutt orionadndatig €ecohd thgluit portion
first conduit portion _and the first term nal edge of
comprigessERA Y shmde e 3id (e) engaging the nel ted
ter gRain %f&gaueﬁ% BrBQufd ot ihE WUndihe RRD! isOh1dMId WhRzing the
melted termn edge of the second conduit portion;
-:&Hawmgﬁbvmﬂalntalnlng pressure between the engaged
term nal edge of the first conduit portion and the
term nal edge of the second ui f~Portion, thereby
creating a fused joint gﬁﬁﬂﬂ }[)j) x Ip

MGp = 4

Ca

wherein MGp is machine gauge pressure, T is 3.1416 circle formula, OD? is
outside diameter in inches squared, ID® is inside diameter in inches squared, Ip is

interfacial pressure and Ca is the cylinder area of machine in square inches.
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wherein at | east one of the first conduit portion and
the second conduit portion conprises a polyvinyl
chloride material, and wherein the gauge pressure for
the engaging step is calculated utilizing the
followng formula: r(ODZ - IDZ) x1 4 p Mxp = Ca
wherein M3 is machi ne gauge pressure, it is 3.1416
circle formula, OD2 is outside dianmeter in inches

uar.ed, .2 4s inside di.anpter in _inches uared. .l p
2 TR WLt i g e i e lop! 3T BOGE prTEET 2 EPpighPor
resulbnt B edihal BeddexdedicaréubdiRsfusedljding aredhe met hod of
claiml, further conprising the step of renoving at

| east a portion of a resultant external bead i
3. Tag mathndrf chaivun duthes compieting Bierstepaf semodng Ftlgasiaprgipn of a
resubanGhhR feadlelich Bk (RATREIHOQ biEaSd P Of removing at
east a portion of"a resultant internal bead
extendi ng around the fused joint area. 4. The nethod
4. Tae nettedmof tlaith 4y fuhker @anpisingitigstégseofst eps of . renovabl y
positioning a second term nal edge of the first
conduit portion.in an pposi ng relationship with a |
fi FEPOYARRHPORAondRRyR Seaon B gden et %n*ﬂfaﬁ ¢ongt thogipn 10 an
oppf)ﬁﬁ% f&@atﬁnﬁ&éﬁ%ﬁ%%r&t%ﬁﬁiﬁ‘ﬁ'ed&‘@&ea Qbsdqbentlebidifit goichii t
portion and the first termnal edge of the subsequent
cordang thseeedndriermindlgdengf thedirsieronduit pertion ped thedfret t§fminal
edgh BF b SRbo RN BRIELON Wi th the Tirst term na
edge of € subsequent Ttonduit portion; nelting at
| eaditniag pnh¢ tse@mdoferrhinel sée00fl thice fiRst ndhd@d gertivh tvith the first
first c&ggu%ﬁpgortion and the first term nal edge of
termipgl edghldht SR REREIPEIbBITPEN; engagi ng the mel ted
- terding at9eBe a Phridddotith Sdeok®eiidal BctdraRe Bhst Boddu@ portion
nelted term nal edge of the subsequent condui't

and lagy firsolarmiaplcedge phitha swHsagrept easduit potiieniveen t he engaged
it B0 4555 R ARS8

terniihs redfiy/ofthe athisexment coadinspetiemtantiused j oi nt area. 5.
The nethod of claim 1, further conprising the steps of, .
r e MARBIPE BT b RPN R ¢ %&aﬁ%seﬁetgﬁ?ﬁ% ¢ g?f By tifgk conduit
portRAC AR tHORAHInkI B@Ed bPfhd BulRByuehP PORIRTpdr8b®t theRB{ideating a
with a first termnal edge of a subsequent conduit
subggguent fised joint arca.

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

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

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

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

melting at least a portion of the second terminal edge of the second conduit

portion and the first terminal edge of the subsequent conduit portion;
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facing the second term nal edge of the second conduit
portion and the first term nal edge of the subsequent
conduit portion; aligning the second term nal edge of
the second conduit portion with the first termna
edge of the subsequent conduit portion; nmelting at

| east a portion of the second term nal edge of the
second conduit portion and the first term nal edge of

the_subseguent ndui ort
o PR B e gt PRt b B aesnid oRAT Gy Pty e moled

termihdlledpdef mekdbed]ueﬁﬁfoﬁﬂmaboxﬁdlgemdf t he subsequent
condyi t, portion; and maintaini essur e meen
endHIRAmInE, PRESRLe 'é‘?i‘d%enofhet%a@ggﬁ‘%an@o‘#&ﬁ .ﬂ? D @ﬁCPP% fonduit
portdidadd hel REINARdRAOE IR sitRERHPSGRMRBorG AMereby creating a
portion, thereby creating a subsequent fused joint
subsgraent figsed jKtiet anest hod of claim 1, wherein the facing
step prOV|des a face on each conduit portion, wherein

he fac | east of sy bst ant,i al | |1.el

- 1 e SE s A o oI B e PR OgoG 2 e B ol conduie
portli):ﬁi’ tvﬂﬁﬂauﬁ et facdsi di€ at feastThe ¢fedubsaentiily Hatillel do aherbetanitially

ning step .includes aligning an outside

Pe‘R?Fl ’éY%acé’Pd‘EIHEOI?IPP%?m??g%ui t portion with an outside

di aneter of the second conduit portion. 8. The nethod

| e [

7 786 T LK BB L BEAASA IS i
of tlid fiirst condwitiportiop writhiagmutsit didneecterarfthenmboreldgadat pethien.

second conduit portion. 9. The nethod of claim1,

e dUIt urfa e area (pSa uar & |nc
8. TH Ik Ao 1 POV Teantitng S At T npiiagieatide of
botH @) ternfiRAedde W'ﬂ‘ﬂ{eeﬁﬁt &dndust poridchléhdCink Gérghiho raagé af ttm%cond
outside dianeter in inches squared and ID2 is inside
condigpRstiet i n i nches squared. 10. The method of claim9,
wher ei n when a condU|t area is 1.00 square inch, the
au r I e | I|IZI e. f W
orgrﬁ% 08 cgglg 1] I’ Swh \?ﬁ s f QgP§%| %‘llfge 1r{?:ges is
calcwh&rdemrhzmﬁe]ﬁe millpﬁmgubﬁﬂﬂe area (pSa) , interfacial
pressure (Ip) and cylinder area of machine (Ca) are
known, the gauge pressure is cal cul ated

7(OD* — ID?)
pSa = 7

wherein = is 3.1416 circle formula, OD? outside diameter in inches squared and ID* is

inside diameter in inches squared.

10. The method of claim 9, wherein when a conduit area is 1.00 square inch, the gauge

pressure is calculated utilizing the following formula:

Gp=pSaxip
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utilizing the followng fornmula: pSAxlp M3 = Ca 12.
The nmethod of claiml, further conprising the step of
automatically controlling at |east one of steps
(a)-(f). 13. The method of claim1, further conprising
the step of receiving and processing data signals
directed to at | east one of steps (a)- (f). 14. The
nmet hod of clain11 further conprising the step of

i nt [ C|f|ed erature duri A .

11 B il Bt B S R G Sl e Pl igperal pressure
(Ip)CRHPEYIRIdBO atteh a:.fslh@dmmﬁ:f (QH) Gaté KinBEn atl'ﬁﬂ gHugt igrdssere ibealculated
zones durln at | east one of the nelting and engaging

utiligingtlae 0%%“’”& fam@deh of the plurality of heat zones
may exhibit a different tenperature, thereby providing
zone heating. 16. The nethod of clgim15, further
conprising the step of con i_ di fferent
t enper at ures of ?hfggpppall v nf hp zones. 17. The
met hod of claim her con@f%flng the step of
nmeasuring at | east one physical™ “¢characteristic during
at | east one of steps (a)-(f). -16

12. The method of claim 1, further comprising the step of automatically controlling at
least one of steps (a){(f).

13. The method of claim 1, further comprising the step of receiving and processing data

signals directed to at least one of steps (a)f).

14. The method of claim 1, further comprising the step of maintaining a specified

temperature during the melting step.

15. The method of claim 1, further comprising the step of providing a plurality of heat
zones during at least one of the melting and engaging steps, wherein each of the plurality

of heat zones may exhibit a different temperature, thereby providing zone heating.

16. The method of claim 15, further comprising the step of controlling the different

temperatures of the plurality of heat zones.

17. The method of claim 1, further comprising the step of measuring at least one physical

characteristic during at least one of steps (a)—({f).

-16-




