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o the first clanping nechani sm 26 and/ or the second
cl ampi ng nechani sm 28 until the outside dianeter of
the first conduit portion 10 matches the outside
di ameter of the second cgnduit portion 12. It is
desirable that the first clanping mechani sm 26 and the
second cl anpi ng mechani sm 28 not be | oosened, which
woul d result in:either the first conduit portion 10
and/or the second conduit portion 12 slipping during

the fusion process. The minimal di stance requirenent
between the first clanping mechanism 26 and the
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digital control is espeC|aIIy beneficial when the
fusion apparatus 14 is used in connection with PVC
conduit, as the physical chemistry of PVC, -including

its melting tenperature and curing tenperature
require much nore precisi®n than the use of such a
fusion apparatus 14 in connection with PE or ROPE
Therefor; this digital control, in conbination wth
the zone heating, provides enhanced control _
characteristics to the fusion apparatus 14 of the
present invention. [0031] Further, the surfaces of




[00351 Wth respect to the fusion-process—operating
paraneters, the typical fornmula used in cal cul ating
fusi on apparatus 14 gauge pressure using PVC |iner

QOOOOQCO%:g uit 16 is: n(0D2-102) Mp = 4xb Ca Furthersgifzgﬁ?"IBGSZ-O

Ia for cal cul ating condU|t or pipe surface

in square inches is: z(0 4 The :
12} éﬁﬁﬁ?@ﬂf Broogigient, Fhﬁtbiaﬁﬁptgb?}gé—" pﬁé@é&#@ppﬂdala% Sfichigows
.forcmmohmancp %hd ad:&ranearmagl Frodes) ORSEHdA tResd B&BIdé-Bppe@iblames

Fi nal | rrrul a for calculating rrachl ne
aﬂ%‘é?&& ficauept &S%m% %PPIB‘?Dﬁé3§Y} P‘ﬁd’?a'é‘%ge*&e cutting edge of
thel biide pdreieis 35. pfaﬁfsu,rt@s 138 6f diidr biRdigtherat BRIOfps eftiph Stradtares

' ami(maq lsmasoenmm pSa x | p Ca As used herei nabeve:
© [0027] . Tt should be noted that both the first clamping mechanism 26 and the second

clamping mechanism 28 need not be movable, only one of which is required to be movable to .

allow the first conduit portion 10 and the second conduit portion 12 to be engaged. In
. operation, one or both of the first clamping mechanism 26 and the second clamping
" -mechanism 28 are moved, such that the facing mechanism 32 is locked firmly and squarely

between the first clamping mechanism 26 and the second clamping mechanism 28. This
operation provides for a substantially square face, perpendicular to the first conduit portion

* 10 and second conduit portion 12 centerline and with no detectable gap. Further, the facing

mechanism 32 may include blades with various angular orientations. This will provide &

- smoother face on the conduif portions (10, 12).

[0028] Next, the first conduit portion 10 and second conduit portion 12 profiles must be

rounded and aligned with each other in order to minimize any mismatch of the conduit walls.
. This may be accomplished by adjusting the first clamping mechanism 26 and/or the second
" clamping mechanism 28 until the outside diameter of the first conduit portion 10 matches {he

outside diameter of the second conduit portion 12. It is desirable that the first clamping
mechanism 26 and the second clamping mecimnisn; 28 not be loosened, which would result
in-either the first condnit portion 10 and/or the second conduit portion 12 slipping during the
fusion pmceés. The minimal distance requirement between the first clamping mechanism 26

- and the second clamping mechanism 28 allows the first conduit portion 10 and/or the second

condujt portion 12 te be rounded as close as possible to the intended joint area. The closer to

- thejoint area'that the condunit portions (10, 12) can be clamped, the better control the operator
‘has in properly aligning the conduit portions (10, 12).

[0029] Next, the terminal edge 18 of the first conduit portioii 10 and the terminal edge 20

of the second conduit portion 12 are heated or melted to the required temperature, interface

‘pressure and time duration. In doing so, the heat will penetrate into the first conduit portion

10 and second conduit portion 12 and a molten “bead” of material will form at the terminal
edges (18, 20). This heating process is effected by a heater mechamsm 34, which heats and

.-melts both terminal edges (18, 20) simultaneously. This sxmultaneous 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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formula 01)2 = Qutside Dianeter in inches x itself

1D2I nsi de Dianeter in inches x itself 1plnterfacial
Sssure (-440 psi) PVC CaCylinder area of machine in

Gauge pressure when cylinder area = 1.00 [0036]
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" thermometers or other surface femperamre measuring devices are digital devices, that provide

amore accurate measure and confro! 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

7inches pSa = Pipe surface area in sq. incheSGep0£18662-0
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- heaging, progides 3%5?578?91 Phgrapterisgies @rf
_Hw&ﬁmﬂ1nal edge of the second conduit portlon (b)

Qovi ous nodifications and alterations will occur to
ot hers upon readi ng and understandi ng the precedi ng
detail ed description. It is intended that the
i nventi on be construed as including all such

90000QR§&|7f| cations and alterations. -12- CA 0252941§G‘200713662‘0

2009- 07- 14 9000000697SG200718662-0 WE CLAIM 1. A o
curiyg terRperafus requisy inpigh mofeiprasision grea theruspefronstonfusion epparaiud HHin

consiQRBiuith PRIoE HOPR. GREBfoke thmﬁglﬁf cottoP &;fmbﬁﬁimr FiDH8 bk
S|t|on|n a first term nal ge of the first conduit

hfysion apicedust §4r ofthe present

ooy i s et heges ety (B o kel gy s any

coatiahithd hemrgt PIEES (3¢, <3)3) shbilg abtng strRhddior Shmiged i mgiwagdyfer

e T hf bl Fia AT N R bl b, b3 o T Bl

tempem a ¢imnised hereifiaftel) dhef heptet meghemizm 1 1et:bg®ve¢ ardhbe molten
em%}ﬁ % lﬂg@) a%%r%dgﬂpto?é@er t»\ﬁ&x Juﬁc‘f’e'ﬁt L&Eﬂe“fa' pr@p%ﬁ? nﬁ% the

" conduit matenals toforma homogenous joint, referred to as a fused joint area 22,

[0032] The fused joinf area 22 mwust be held immobile under pressure until cooled

_ adequately to develop the appropriate strength. The hydraulic pressure provided by the first

clamping mechanism 26 and the second cldmping mechanism 28 should accomplish this.
Allowing proper times under pressure for cooling prior to removal from the first clamping

- mechanism 26 and the sccond clamping mechanism 28 is important in achiéving joint

integrity.

' [0033]  After the fusion process, the fused joint avea 22 evidences the external bead 24, as

well as an internal bead 42, as a result of the applied pressure to the melted material. The

. . external bead 24 ‘extends away from the fused conduit external wall 44, and similarly, the
. internal bead 42 extends inward from the fased conduit internal wll 46. The external bead
" 24 should be removed prior o using the liner conduit 16 in the conduit expansion process and
- system. Specifically, the external bead 24 should be removed to allow for full expansion of
|  the liner conduit 16 within the host conduit when subsequently used in an expansion process.

The cxternal bead 24 is typically substantially removed or machined to within 1/ § to 1716 of

- an inch of the fised conduit external wall 44. Typically, the internal bead 42 nced not be _ -

removed and does not provide nmmecessary adverse conditions within the liner conduit 16,

- However, if such a bead 42 would be deemed adverse to the flow of mateﬁal, the internal
‘bead 42 may also be removed. _
{0034}  If the fusion process is unsuccessfal or otherwise faulty, the fused joint area 22 may
* be simply cut and removed, and the pi:oc&ss repeated. Howcier, the reasons the fused joint

area 22 was fanlty 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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(e) engaging the nelted tenninal edge of the first
.conduit portion with the nelted term nal edge of the
second conduit portion; and tO mai ntaining pressure

bet ween the engaged term nal edge of the first ndui
90000q9§97ion and the term nal edge of the second con§§?§87%86620
- . portion, thereby creating a fused joint area; wherein
[003%] | Waibtrespevbtodhe fiskien frogest opewtich paranpiters, the typiakifotonda used in

SE69 HEI i QIRL j .chloride

: wﬂnategﬁgﬁgggh mﬁgkégﬁﬁ?ﬁe gé%%§§%?g%gh¥%ﬁ?%%'the
engagi ng step is cal cul at®@DigDdhi zi ng the fol | owi ng
formul a: r(.OD2 "[ﬁa}gé lp 4 fa V\Aysr?ln Mz is machine
gauge pressure. It | . i ormula. 0D2 is
out si de diameter in inches squa¥®d, 1D2 is inside

di anmeter in inches squared, Ip is interfacial pressure
and Ca is, the cylinder, area of machine in square .

- Furth, fhe Jormyla-foroalsilating gonsiuit oF pipeiurfaosragsalPRe) insawass melen

' the step of renoving agsd zapfyortion or a resultant
ext ernal bead extending around the fused joint area.
13 CA 02529412 2009- 07- 14 90680000697SG200718662- 0

The formula for calculating gauge pressure (Gp) when the conduit or cylinder area is 1.00

square inch is:
Gp=pSaxlp

Finally, the formula for calculating machine gauge pressure (MGp), when pipe surface area,
interfacial pressure and cylinder area of machine are known, is; *

MGp=pSax 1p
Ca

As used hereinabove:

MGp = Machine gauge pressure psi

m = 3.1416 Circle formula
OD* = Outside Diameter in inches x itself
ID* = Inside Diameter in inches x itself
Ip = Interfacial pressure (=140 psi) PVC
Ca = Cylinder area of nachine in sq. inches
pSa = Pipe surface area in sq, inches

Gp = Gauge pressure when cylinder area = 1.00

-11-




3. The nmethod of claiml, further conprising the step
of renoving at |least a portion of a resultant internal
bead extendi ng around the fused joint area. The nethod
of claiml1, further conprising the steps of: rem)vabl¥
90000q9§§iti oning a second term nal edge of the fi r st ©6200718662-0
condujt portion in_an opposing relationship with a
(093¢} s Thaprghnexipafive trgiinsomd Logymraiations the dEwID ﬁgﬁa dr} hey;been
- orchRE kR Yuiche efQLOMLk (oM RMmBRAIR: 0l 1h AR dbiStrmntuich the

. rtjon and the fjrst term nal edge of .the subsequent,
mt%%ﬁ’diﬁ’?“‘ﬁ& rt ?b(?l’f“, 149, B8 ni‘h’ﬂesf’ RS ep tpé’iﬁrﬁl‘"i’i%ﬂter’eﬂg%deo‘?’@e
diahif@tér, Eﬁsfd%tpgﬁm&e&, sFtide 204, g&ugapxe&e&efahclt aﬁnehﬁdsmfa:aalaxeenig@t

e subsequent con t rtion; nmelti t ast _a_
sorfly 118 SRS Bine R Tt el s W pe ot B it eolee

,preswmﬂmsipmhlgimcm int Figg. 4%, stie ]ijﬂﬁ .rg'aml prascige and pdi iskould be
disfE 8P Eab ANl JouB8fch @b s RABHLIN ob o bl 1o ptsrion
Profrer| gevss prassund writs alldypss efd sidee oSwipbings dhetmoted igaugetpressure in the

chaPt® brldl R WiguPdl S JIRY UAlaRidt BY eRLBSRYE &1RGE WRE Br thilRa8RR064,
term nal edge of the first conduit portion and the

[008F, nFing Areg agpultivg fiomepiny Heighiuand trollss pepisianogmpstbgradded to the

calbRIIRYae HFBRtd E[ﬁgipﬁ. SLHBRE Gl veamBtoh@iidts, &, Sfind, 2aid,HRat,
nmethod of claim /. further conprising the st%@; of ;

cold, SRS, &5t USRS ALlp e 1y 2ugt wmbets gdipied anRepprigelye VirptbpRbeliers
map 8¢ eRlir@D R GidlenPl tdnBitiohd) B@THER RO Mgdr tRhta e Sdlyethylene

ﬁlﬁ\éml&ﬁ’&(gﬁ;%i&{ ﬁc’:\gst Lg ﬁaTng Lare ? es%];c YSUE‘[J -P:Sﬁ %H:gg]tor &%’&%ﬁ.’ gpreader
" bars or “Y” slings should be used to handle 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
becoming more flexible and safer to handle in cold weather. - ,
[0038] In this manner, the present invention provides a method and apparatus for nse in a
fusion process that is particularly adaptable in fusing polyvinyl chloride conduit. The present
method and apparatus allows for the connection of multiple conduit portions or lengths with a
- joint that equals the strength of the original conduit and does not increase the diameter of the
Jjoint area beyond the original conduit dia'ameter. Still further, the present invention presenily -
_invented method and apparatus proﬁde a single piece of liner conduit 16 starting stock with
" no mechanical joints. :
[0039] This invention has been described with reference to the preferred embodiments.
~ Obvious modifications and alterations will occur to others upon reading and undérsfmdjng
" the preceding detailed description. It is intended that the invenfion be construed as including
. all such modifications and alterations. '
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flaci ng 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
t he_second condui ® Bt 2t the first termnal

9000009882 of the subsequent conduit portion: meltingS&§200718662-0

| east a portion of the second term nal edge of the
second conduit portion and the first term nal edge of
t he subsequent conduit portion; engaging the nelted
VECHMM1 edge of the second conduit portion with the
nelted term nal edge of the subsequent conduit

orti,Qn.; d. 14 . ( 2529412 20Q9-07-14. o
Gooon o ? REsnbs Bresmiyt aufin 6 r g pPaLatio SEpiins,
‘i‘h’éep_éﬁfgaged term nal edge of the second conduit

por glapfblr@%lty_tdaﬁli(in?: g fdlenfEd Q:{lé}f oftuRErirgt g@ﬁﬁﬂ lé&?&nf in and
condui orti,on. there cre n subsequent .fuse
j oi nt %Dﬂ’%é{%g ‘e{*’g’f"‘*‘rﬂé‘"ﬁégfﬁ%ﬁm*ﬁ o4 5 i speonagai Poriom,
f aci fyfasing fhe firso emelest edze phbe firronty orGormiditte oo tdripsl
wher ei gigt brencfs@eRiScomi®pddon] €ast one of substantially
paral | el to apd substanti.all erpendicular to a .
Conds] TuE B B A sAtioh e s nd R BT s et cvath |
wher ei wige ¢fdheatcomgivbmigit stap: | ncl udes al i gni ng an out si de
di ang@f Rdieidha b6 dolfos b (R i | \ sde
di a@% er ‘%fat t he Jgeconé con%‘f"t?app ﬁfﬁgrﬁiﬂ Eﬂ@qwﬂ@mn%tdhod
of cl aPhfir el edge ot therecopbtopdup goritnep i ncl udes t he

si mjle)_: g0y Shehadttd Roniaf edgobihhd ity oRlutiphadn eilgRe atlcihe
first gond ggdhetg%ge{c%ﬁa{ag[&nsmtaﬁm nal edge of the

second condul't por . )
{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;
~wherein at least onc of the first conduit portion and the second conduit pottion
comprises a polyvinyl chloride material, and
~wherein the gauge pressure for the engaging step is calculated utilizing the following
formula;
=(OD* -ID*)

4
MGp -
7 Ca

wherein MGp is machine gauge pressure, 7 is 3.1416 circle formula. OD? is outside

Ip

diameter in inches squared, 1D is inside diameter in inches squared, Ip is

interfacial pressure and Ca is the cylinder area of machine in square inches.

2. The method of claim |, further comprising the step of removing at least a portion ol a

resultant cxternal bead extending around the fised joint area.

13



9. The nethod of claim1l, wherein conduit surface area
(pSa) in square i nches is calculated utilizing the
fol l owing fornula: 0D2 -102) PSa 4 wherein ir is
roxi mately 3. 1%‘1%2 2%613: 2°0ufstde diameter in inch
9000005%3 &red and 11D2 is inside diameter in inches sﬁ@'@p@-ﬂwes‘?o
10. The nmethod of claim9, wherein when a conduit area
is 1.00 square inch, the gauge pressure is calcul ated
ut|I|2|ngthefollovmngfornula 6p pSa x fp 11. The
fret hok: resthod piiaim 1. Gurtheuiqermneising tdstan ofrepevinpat fasiceonipref a

e} intehnallbeddfemeidal adind 1% Ws& jhiktAgea.and cyl i nder area of
machi ne (Ca) are known, the gauge pressure is
calculated utilizing pSa x the followng formula: M3 1
a 15henghodotishiyh furhey genpggugtis steps of:

removably positioning a sccond terminal edge of the first conduit portion in an
opposing retationship 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
edpe of the subsequent conduit portion;

melting at least a portion of the second terminat edge of the first conduit portion and
the first terminal edge of the subsequent conduit portion;

engaging the melted terminal edge of the first conduit postion with the melted
terminal edge of the subsequent conduit portion; and

maintaining pressure between the engaged terminal edge of the first conduit portion
and the terminal edge of the subsequent conduit portion, thereby creating a

subsequent fused joint area.

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;

alipning 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; '

engaging the melied terminal edge of the second conduit portion with the mefted
terminal edge of the subsequent conduit portion; and

14 -



000000697S&200718662-0 12. The method of claiml,
at her conprising the step of automatically
controlling at least one of steps (a)-(f). 13. The
met hod of claim °F§}Ptlﬁéf’°9c‘8nﬁ$r| sing the step of
900000088¢éi vi ng and processing data signals direct ed $G269718662-0
| east one of steps (a)-(0. 14. The nethod of claiml,
further conprising the step of maintaining a specifi ed
tenperature during the nelting step. 15. The nethod
of caiwining pfegsie Heiweenotip ciuggen denbing edgeeyf thé sqsvndvioptiuiig a

pl ur al linryanlfud llﬂ@ﬁﬁmrﬁDﬂﬁ@of@iérshﬂﬂﬁuﬂi coh @A BértiRerty clelirg
mel ti ng st eps, wherein each of the

pl ural i f"%eg m" Ones may exhibit a different
t enper at ur e, thereby provi di ng zone heating. 16. The
éret hokk @dthod loflclBimlR whirkih BHRORCHGQREP HioSR G &d&em&mmmfun

D Pt Bl IS 44 SORECH: of SRS el 0 aid Sty
W”%}"@Wﬂ?ﬁ‘"@“ﬁgﬂ‘t@ﬁeﬁeﬂt ep of neasuring at |east one

physi cal characteristic duri ng at | east one of steps
co

{a) ! t ndui t
£ort?%%m g 57 gty T s o) i b e
dipgstef 'Pfrl@tﬁra's enduitipprigrovithiap putsidediampter ofibesendd eodiipiion.
porti on conprising a polyvinyl chI ori de material, the

t .zones
"o ot EPersin SRl oot o s apot Py
hotly the tverhinad ddpe of thetfine eéndmsportmnrm the tepointli cdge ofrtbe sodnilr st
dbRiulpstadn. €dge of the second conduit portion, the
plurality of Iit* zones configured to provide a heat
profile to at |least a portion of at |east one of the
% i r sThetreathef of kclaied bewhereint dosduit jspréape erem@8id) tin powetei inphesaind

chib@aréd vtislingiRrNoR @k fRA@e Oof the second conduit portion;
heating and nelting at |east a portion of at |east one

of the first terninak,e86¥ aPPhe first conduit
portion and the first ternm#al edge of the second

C ONChutieteind Istappddkimatiich. (hbs, OBPo kiR AR QS Qifereli4nd ID?
900000903 4kl RIS sqlared.

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

pressuse is calculated utilizing the following formula: Gp = pSax Ip

11.  The method of claim 10. 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 = M

15



fusing the first conduit portion and the second
conduit portion by engaging the first term nal edge of
_ the first conduit portion with the first term nal edge
of the second con@ut®*%triPHA’ 14 hereby creating a
900000069€d joint area. 19. The nethod of claim 18. BF2PAE18662-0
conprising selecting engagenent interfacial pressure,
engagenment gauge pressure, engagenent tine, heating
interfacial pressure, heating gauge pressure, heating
tenpdhanehad of Haim b figihricpmprising Rp fleroof iapRaicaly sonmqbipg off |
Bucimebhadps }x®. f used joint area exhibits substantially
the sanme strength as at |east one of the first conduit
ﬁgrtion and the second conduit portion. 20. The
t h&be wathod phstaim 4 untier gompgsing dhs 548 pigeevingrnd progssisarigta
Perels giicred ot ltaenesTgiaged-(h.er m nal edges of the first
conduit portion and the second conduit portion for a
time_and at a tenperature sufficient to provide a
Huselhy Bethad ofredaim dr fusthey camprisine sherstsp Pf naintaining arpscified
ppdrmdc difingthametingStep.conpri si ng heating at | east one of
the plurality of heat zones at a different rate than
~at least one other of the plurality of heat zones.
Tramathol RoRIB 1. Qrther pampasingdlyrsip ok providinges nigralgy eftbeat
iogfaat.rir@raa ef3f ont Bfahddhduing lbid &igagihg fi@atwh&an eRh bfﬁheap!ur?lity ohf
t .1 ature than.at | east one ot her of the
b bt B R RERL oA By e SRR 2 1 15,
conprising automatically controlling at | east one of
tshe plelhatiol oy charn tsteamthﬁmﬁﬁisitng aé.smilge cdﬁrs%ﬂﬁ%dm@?aﬁaleﬁi m
reln,prior, e heating and nelting, e
'tﬁ%"ﬁ@g?ﬁlﬁ%Lg?mycogrhr%?jfogﬁs'ng: facing at |east one of the
first termnal edge of the first conduit and the first

7er nTHealetheAgolami 1, ftRer SRARAL (AP Uf theasudhlCht Rist €18 pRGicdI he
(%”&§Lﬂ&%nglgﬂL‘%g S‘PQ %p€ first conduit portion with
Re TSt B A A 55@& &% the second conduit portion.
17 CA 02529412 2009- _07- 14 9000000697SG20_07_18662- 0
@5. A _h@:hmmml gQirsCéonduifpdriion th #Jﬁoh@fon&ﬂmﬂbrﬁ htfhgst one of
eppvi ng. at .| east, a portiqn of . at east one.o .
R e P PR B < SR comE AT * PATEh SR8 g
resjeriglnitié method cprising: he f used j oi nt ar ea.
applying a plurality of heat zones to at least a portion of at least one of 8 first terminal
edge of the first conduit portion and a first terminal edge of the second conduit
portion, the plurality of heat zones configured to provide a heat profilc to at least
a portivn of at least onc of the first terminal edge of the first conduit portion and
the first terminal edge of the second conduit portion;
heating and melting at least a portion of at least one of the first terminal edge of the

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

16



26. The method of claim 18, further conprising:

heating and nelting at |east a portion of at |east one

of a second term nal edge of the first conduit portion

and_a first term Haf*¥8t5e?°8t a5 ubsequent conduit
9000000687 on; and engagi ng the second terninal edge 8F82pA&18662-0

first conduit portion with the first term nal edge of

t he subsequent conduit portion, thereby creating a
subs t hod  of

t . fi .joi.nt . 27.. The. l ai
T BRF B it RERn Rt ik Fooma ROl by e ™
si mul t terreipal sddsad tihienfiyst opndbib pértianheithf the §ist teariml odie of thge

of  t hesdbn S8naGOREh, theRBY drdafy a6k jhiRtarehi st term nal
edge of the second conduit portion. 28. The nethod of

claim 18, wherein the gauge pressure for the engagi ng
1% cliecmbthadeof dhip| 1% ifarthert banpiidky edlecing dngagemdnh intdui@ial =
preassuitd) BgBlemedidligh SredRE Bl ARMEAHEE hAHRSEtRial prdssubeShead@ut
3.1416, 002.1s out Si OLE lameter in | n.chgls squua}]rEq‘h
EPREproere) rating dempEraiE, NI HF P ERELMETAP BiEeol o et the
fuged doift atsh exhibls substantially shegar@astiengtht 48 et leagd dnp dbthe frsecandyft

PRGH bAShd sBoRAWALR pédamhes . 29. A nmethod for fusing a
first conduit portion to a second conduit portion, at

| east one of the first conduit portion and the second
PFondThetmatod tof drimcBrfurthes icomprising whiytyining pressint of fhel @ngaged

@RI dagds of ﬂn@ﬁm‘”&_ﬁﬁdﬁ@ﬁonﬁbﬁ R theSdeddBHd coﬂﬁ;ﬁ%&{i& r@ﬂﬂir&%}u& ithg
| east .one o he first

at least_a portion of at
EonTARRP TR RS A B R AT SBOEE on and ¢ he
first termnal edge of the second conduit portion;

Bi NoTHMRenhd Jﬁﬁiﬁ@[‘&hﬁ%ﬁsir@Q_Gatiﬁgqpleﬁm_e bR pReAR nGPRANI t
he f ni nal edge of the

ortion by engagin ISt ten
f f fidgrent Baﬁdlﬁff'ftqﬁ%ﬁ"%’é'ﬁr ??(/i‘h(eﬁ{“fah‘é °$‘1 'Y ermi nal edge of
the second conduit portion, thereby creating a fused
3201 Nhe@ed of@Ah 18, comprising setting at least one of the plurality of heat zones

10 a different temperature than at least one other of the plurality of heat zones.

23,  The method of claim 18, comprising automatically controlling at least one of the

plurality of heat zones,

24, The method of claim 18, wherein prior to the heating and melting, the method further
comprising:
facing at least one of the first terminal edge of the first conduit and the first terminal

edyge of the second conduit: and
- aligning the first terminal edge of the first conduit portion with the first terminal edge

of the second conduit portion.

17



18 CA 02529412 2009-07-14 9000000697SG200718662-0
sel ecting engagenent interfacial pressure, engagenent
gauge pressure. enggagéément time, heating interfacial
essure, heating® 12p%°é%‘§ln’-‘e heati ng tenperatur
90000(-&’@8% ng time or any conbination thereof, such tﬁ@gO@'ﬁ@GﬁZO
fused joint area exhibits substantially the sane
strength as at |east one of the first conduit porti on
and the second conduit portion. _30. The netho
&Y ai riiuetiod pl o 3. fugiep pAnwiving eRaviRg SIS ABPTiAR 45 *é““zfif
biherepitgna gaahnal Benindal re@iigeiteah! edicxkendigtarooaintitifuted goid
I.pe second conduit for a time and at a tenperature
sufficient to provide a fused joint area of a desired
strength. 31. The nethod of claim?29, wherein the
breat Thgmetied oftklid 18 Girthed Gdnipdl@g: cont act of at | east a
por t ?&ﬁn oa]:xd 91&1 rl ea?l%gst aolgﬁmg ruf aﬁ Eﬁs ‘%lle of'} se&wﬁt{ lgl]n‘l lﬂl ed ﬁ'lCOf
& condun t portion an term nal edge

of t he ﬁ@?b‘eB‘Hd p%wdm % firg} dsrpipgd Ff’gﬁk’ftaﬁ“"a"qh@h‘i"“dﬂl‘ atreem: a“é
The efghdidhabeotd Rinitalge ottt ontilgoltiedditnge #itderminal

mel tin nga to
1 cadite QPRARRAR Bt by B Lt (Bl g
term n&q"aedge of the first conduit and the first
term' nal edge of the second conduit porti on, the

I‘ of ?‘1\ }u%ﬁmg fo{ crllq%gtlﬂ %ﬂ%g}gﬁ th% 9&1 ngaHgF m{: rg m urdfct)viie s‘ﬁn&mﬂ&@t

portio east one of
sangfof posl the Geptrigrminpl eéuggéthef rstpcpduit portion awmfirﬁtﬂmwﬂ cdge
ditkeStcokhRbmuitpdnimdge of the second conduit portion.
33. The nethod of claim 32, conprising heating at
|l east one of the plurality of heat zones at a
W f f Eheapathod of daim H 8 rwvhanein|thezpguec preesurg 9y dhe epgagingis calculated

whihgink follovafy di@at: zones.  34. The method of claim 32.
conprising setting at |east pne, of the plurality of

heat zones to a dlfferent”?’%np’é’r gre than at | east
one ot her of the pl um&};t:t-)uef‘;hea{—zones 35. The
nmet hod of claim 32. conpri si ngf’ automatical ly

cont whdrdin MGp Bimatib@gingoprased, atihsop30a Bl OBYis @fsidh diameter

ZONeS. i in30s sobdb, WL B 9idP oy ﬁl:@r' W s\Q(SL?eﬁei Ns Ridef@ialt O
t he hegt'inn qsq% lﬁF@ “the et h Bes her f:on'prll%es
pressure and Caisthe cy!mder area of machme m squarc mc es.

29. A method for fusing a first conduit portion to a second conduit portion, at least onc of
* the first conduit portion and the second conduit portion comprising a polyvinyl chlotide
material, the method comprising:
heating and melting at feast 4 portion of at least one of the first terminal edge of the
first conduit portion and the first terminal edge of the sccond conduit portion;
fusing the first conduit portion and the second conduit portion by engaging the first
terminal edge of the first conduit portion with the first terminal edge of the

second conduit portion, thereby creating a fused joint area: and
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19 CA 02529412 2009-07-14 9000000697SG200718662-0

facing at |l east one of the first term nal edge of the

first conduit and the first tenninal edge of the

second conduit; aRd22F Gty tHe first terninal
9000009697 he first conduit portion with the first terﬁGﬁ&W"Bﬁsz—o

edge of the second conduit portion. 37. The nethod of

claim?29, further conprising renoving at |east a

portlon of at |east one of a resultant external bead

‘and EFiCRE sraagyent; e LA resESs ENSURMEh BUBFPTAPUER FREAECHIEN

fused fime.rvkatiag BeerfaciaBBressirbeciniy Bag: Méssed, dtahg@mpdanre. her

conpri §lafg ..nneo@wwmamomwfmgm%m lhmsd ,ampa% e&lglﬁtsOf

at Ieast one of a second terninal edge firrst
condui ¥ ﬂ?j‘fif Ivdhs saprpirepeth;sp atleagt ope Al Hﬁplrsbﬂ:g@uafom%f: and the

subsequentl cand¥iduitive. port i on: and engagi ng t he second
term nal edge of the first conduit portion with the
first term nal ge of the subsequent conduit portion,

{her Sisymetiod of plag B Byihes cejorsisips mpjataiping eressyre af bg cneagd
téingnalredgtyad thoffirse banduin 220 the Whadiebituit Re a imakddng a &fferature

eI AN eTo NN Tl N LiRa & -gﬁgg s heating of both the
il rcst!q‘tglgrm ngﬁgztagte 0 a{]ﬁsl'er H%tﬂ condui t portion and

the first terninal edge of the second conduit portion.
10, Tivenethed sfaidin0?9, ehepdinthPftatinghairngdting inlledegariga opat &agur e

J Rtich fa,@at %g%gézmlg @s jamwe@ge%@' ksl dofdufl Podiliank Ale! s NO

formul a:
terminal edge of the second conduit portion with a heat plate.

32. The method of claim 29, wherein the heating and melting includes applying a
plurality of heat zonces o at least a portion of at least one of the first terminal edge of the first
conduit and the first terminal edge of the second conduit portion, the plurality of heat zones
configured to provide a heat profile to at [cast a portion of the at least one of the first
tetminal edge of the first conduit and the first terminal edge of the second conduit portion.

33, The method of claim 32, comprising heating at least one of the plurality of heat zones

at a different rate than at least one other of the plurality of heat zones.

34.  The method of claim 32. comprising serting at least one of the plurality of heat zones

to a different temperature than at lcast one other of the plurality of heat zones.

35.  The method of claim 32, compnising automatically controlling at least one of the

plurality of heat zones.

36.  The method of claim 29, wherein prior to the heating and melting, the method further

comprises!
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- Ca wherein M3 is machi ne gauge pressure. rr is

about 3.1416. OWis outside diameter in inches

squared, 1132 is inside dlaneter in inches squared, Ip

is interfacial pr@sSire and ais the cylinder area of

900000988Ri ne i n square inches. 41.The nethod of cl ai #3260718662-0

wherei n the engagenent interfacial pressure is between

50 psi "and 250 psi. 20 CA 02529412 2009-07-14
9000000697SG200718662-0. 42. The net hod of claim 29,

wher EFiRE 3t last ppept ths diFst Epingleadigent H“" fifecopdyl prd{pe L} derminal”

mel ti nglgapiihdshendpglgiand is in the range of 3 to 4

s ec oagﬁmg mél;ﬁs( témfnu%@gi o} @l gkt .:@\rdagpomaai@.m He ASGOLAA
used conduit nmade in accor ance

mnth cP@#ﬁyfgh”mwémWQWuwlzontal directional drilling
met hod, conprising: drilling a pilot hole in the

O QUMK method of claim 29, further comprising removing at least a portion of at least onc
of a resultant external bead and a resultant internal bead extending around the fused joint

area,

. 38.  The method of claim 29, further comprising;
heating and melting at least a portion of at least one of a second terminal edge of the
first conduit portion and a first terminal edge of a subsequent conduit portion: and
engaging the second terminal edge of the first conduit portion with the first terminal
cdpe of the subseguent conduit portion, thereby creating a subsequent fused joint

area.

39.  The method of claim 29, wherein the heating and melting includes the simultaneous
heating of both the first terminal edge of the first conduit portion and the first terminal edge

of the second conduit portion.

40. The method of claitn 29, whercin the gauge pressure for the engaging is calculated
utilizing the following formula:
0D - ID%)

4
Ca

wherein MGp is machine gaupe pressure. 7z is about 3.1416, 0D’ is outside diameter

in inches squared, 1D’ is inside diameter in inches squared, Ip is interfacial

x iy

MGp =

pressure and Ca is the cylinder arca of machine in square inches.

41.  The method of claim 29, wherein the engagement interfacial pressure is between 50

bsi and 250 psi.
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ream ng the pilot hole to an appropriate dianeter; and
inserting the fused conduit nmade in accordance wth

_ claim44 into the pilot hole. 46. A pipe
ressuri zati on methge’**@dipri’st*hg pressurizing a fused
90000096Rdui t made in accordance with claim44. 47. $G800718662-0
nmet hod of claim46, wherein prior to the
pressuri zation, the nethod further conprises expandi ng
the fused conduit within a host pipe. thereby creating
#n eXirandhod of pliipeP. WEHiguhertime pargd betwpsn g Hsting tuldﬁgf'““s
g the obagiminiriesdnpgif 3 Rrdeakedag apart an exi sting, buried
pi pe. thereby creating an at |east partially open
conduit hole; and inserting the fused conduit nmade in
He c of dusprigintgreg madsjingepprdppce ""ﬂ'ﬂ g¥PR% conduit hole. 49.

An under ground pi peline installation nethod,

| &orrpwﬁﬁemndu%@&t.aJ&&r@&e@ﬁmhmss partially open
conduit hole: and inserting the fused conduit made in

accordance with claim44 into the conduit hole. 50.
4. meh hoirond! dirsciinaigribingrostod poryeising onpr i si ng i nserting

t he &H§ﬁqpﬁgggykhwgggg in accordance with claim44
21

into host pi
rcammb r the pilot hole to an appropriate diameter; and

inserting the fused conduit made in accordance with claim 44 into the pilot hole.

46. A pipe pressurization method, comprising pressutizing a fused conduit made in

accordance with claim 44.

47.  The method of claim 46, wherein prior to the pressurization, the method further
comprises expanding the fused conduit within a host pipe. thereby creating an expanded,

liner conduit.

48. A pipe bursting method, comprising:
' breaking apart an existing, buried pipe. thereby creating an at least partially open
conduit hole; and

inserting the fused conduit made in accordance with claim 44 into the conduit hole.
49.  An underground pipeline instaliation method, comprising:
creating an al least partially open conduit hole: and

inscrting the fused conduit made in accordance with claim 44 into the conduit hole.

50, A method of lining a host pipe, comprising inserting the fused conduit made in

accordance with claim 44 into the host pipe.
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02529412 2009- 07-14 9000000697SG200718662-0 51. A
nmet hod for fusing a first conduit portion to a second
conduit portion, at |east one of the first conduit
portion and the sEcHAM*¥oriti’t*bortion conprising a

900004860y vi nyl chloride material, the method conpri 35%3.00718562"0
heating and nelting at Ieast a portion of at |east one
of the first term nal edge of the first conduit
Iort| on an?}(%ﬂhe first tem.nal ge of the se;con
Sonddh petiof FoF ugRe 2 425 STAR PR 1P P pesend SR RCEIOR BHE GRS A nd
thhdirss egdvidpoctencod the p@orkdi comiuib pordorgagprisgs tahvelyfinyl shloride
GG, n@lmeﬁg(%mgf,mtghe first conduit portion with the
flrsgter a1 edge of the_second on ui t E‘gtlth
t her &R &P A iopst Kast ¢ praien BT it aeafithe Bermiyladig i g
engage lfishdondui partidnacd thd firp nmsall pdze ofalvgergsirenivit pratisge
i i R ToA
heat i ngtip %r“fgﬁfﬁt‘fdﬁ‘!ﬂe‘l‘lmq‘%‘n“”t%‘é? 38\‘ “g'g‘ti’gg? P he
fused swmdunduit Privataibecrafingwifiskigtiardengd pressure
eqUal&eléc@tgtehﬁg&{eﬁtstﬁ(%a@ialcﬁﬁﬁ@ Hg&gﬁm&t gﬁEc pr&gRd, er%gﬁ:m@tft
the first cond ult ?rtlon %con
~ porti ofime heaing Riprfaspl Erese. rt‘ét‘ﬂ%éa“é"f P‘"Fsa‘E? g F‘i“F‘%‘t‘““"
condui tleapmltmc@mna nabbivatee dorel, sdribiyithe fusdcerdainis catbld dast
one of wﬁlﬁkﬁm&ﬁé pidssufeq bt ol thed}PdsbubeQdpaBiN of fBeast@GOKThe first
condui t BQ” Onﬁ@?ﬁﬁng@rcl 3 oI yvi nyl chloride
mat er i S"CUERE! ok ﬁ‘ﬁ'ﬁﬁ"‘sﬁ" 9" nobi | i zi ng at | east
one fusion apparatus to an on-site |ocation, the

fﬂ%n%-sﬂﬂ%@&“ﬁsl Qs awuﬁ?orm anc(dstcoh@&tdmstﬂsnemeaat
| east a eas first, tern nal

O rt1 o
o X v i ‘4“%#’“‘8‘8}1%1‘8 4G RO preon bkt &L
ethgide wifterigl, slemth@ﬂ oprdnztmaobibiritg o tepst aite fiksa spparenetegh ot-he

dite Vo3 dtios, AR Gbtioh aﬁa%u éaﬁhga:e&imt(h ‘ﬁea‘é%‘a etais) atcaaa d H&rﬁonﬂ;@!ittldaﬁ n

co r

FRAVE FRLER e 3o Earot s oo T s et oo
oduiti portiolp\at by age ¢ghet firgt donduid tportie il igel se@dy eondifit Rokeon
Jomwngcdqmguht: chOfde nfafdriaM i udeRfe ekt rc&tdmt Bikeitbh A m@d.»aﬁd of

S€eco condui t ort i on, cl eat ng . S
e A R g e G T
tpmesqug@f the sryey @it pogian gem}»r@@sw@%mgtagaemﬁﬂcctl nge,
Jﬂ&fé&h&g inkePth i fp?eﬁdul@t | er@f]ggﬁﬁlu rgﬁnge BRALANGAFAHGE e, a&tamge
erature eat n
|{1 ﬁr?dmép greasléra.c H:at{nﬁ at_iaugte Hmub?u él%tmpb ﬂzgtfx:raturc nl}éatmh rrgme or Jm?
combisatiam i) sychitipethe e joint vrm{“wsa!!ﬂathﬂllréhﬁs?mwféﬂgﬂtast he

ot lefisBéne GOREKHE cond@T fohtidiand i sdebi corRGOREI0B.ONdUI t porti on.

53. The nethod of claim18, further conprisi ng

sel ecti ng engagenent interfacial pressure, g %Erfrent
- gauge pr &ssliremetndanf daim ¢ é’l“f‘%(ﬁ“‘&l’“bw%‘%‘iﬁi‘%c HELFng

iheereper gteuﬁre, ergfiddnénl Qadgk NRResSiife, BMting iErTacislt presaurt, higmengf |

CENATIU T A g e e e

substantially the sane strength as at | east one of the
first conduit portion an%zt he second conduit portion.



94. A nethod for fusing a first conduit portion to a
second conduit portion, at |east one of the first
conduit portion and the second conduit portion
conprising a pol y¥i KA H°8T Pa¥ material, the neth

900000968pr i si ng: heating and melting a$GP@%_§¥8662'0
a portion of at |east one of the first term nal edge
of the first conduit portion and the first term na

t he second condu t portion: =~ -
RSP R pT RGO BB Y ool arecir et g aabfg econ
eohdpotiomor t i on by engaging the first termnal edge of
the first conduit porti on with the first termnal edge
fOL Stegej 2?%?“&? Z}g)g ogh%m tirs c;.ondu:t ppn%ng%%fewéog gotrvgtggpogmn
#irgd geamt e fistyomiult pasticalandshesseudt conduis gty sorennsingyoiedyainy!
ﬂﬂ(ﬁ&‘ét\daﬁ&wl msaﬁnh&gommﬁgf aci al pr ess% e, heati ng
t enper at co .
Such:t ettt Teuty brfreion Y R B P ERL ideritEl S
i ﬁs%fepedtsltmewgmﬁ thagrslaminelaéae oftheseephd ttonfbutwrh@t condu | t
port I o n anidg ﬁ]hm&eﬁmmnm ﬁﬁuhetsccamcb.mmpumm by engaging the

% o R P B, Bt Podi winh b8 8L M P st
toh@“fpplf@t fh@dndmtt"baﬁldedume asgewnd conduit for a tine
and at aséle@l'ﬁ?e[n%ﬁ bt Sibkbrdcia) emsurk O erfgfigdMéntl Epadel phe@the,
#ﬁﬁllillnt' % g red str % bi h ?
SEBTREY POt “a‘fﬂbé‘ﬂ“""\ﬂk‘{&'& 98 Hi7E OHAY PR enhere
el thit g f‘usm:jomueeu e bibitssrulstagfallathe japa strength proat fopsh pnegdf thgt
A0S duiDRRIoR ndltiRQechhd Shduk firiinnal edge of the first
conduit portion and the tirst term nal edge of the
second conduit portion with a heat plate.
57. The et Fesanatfod ef chims4 Aurthexicenmnising mévdaitiegnressier oty

d@dsﬁd ﬁﬂmhan Gcigwi&_smaﬁm M:hdlﬂ A meusca.hdl Joyduafforrwﬁme Fangs to
?%pera?ur aﬁufﬁu Pu 1;:54 815 mnt ot re?i‘slren Bhe first

ermn rs con the first
term nal edge of the second conduit portion, the
pl ural i t 3. ofheh@@kodZFNQEn smnﬁﬂegmrteah&m:gpﬁnw\ﬁicdmg ancheat
Bl ot § 118 FlordoR 3Pk B0 bl D580 el Qe bERShsCARAT
poftip and the fifsf eeinabedgpeot 61? sqepnd C‘t"éemﬁrd’%ﬁﬂ‘cﬂhe‘!‘ PB6rtion. 23
CA 02529412 2009-07-14 9000000697SG200718662-0
58. The e Aud

f&%drﬂgltod of %Ia[m §Z wh%gﬁgﬁcj %aﬂg ah@‘?JeinﬂQ. es

| east one (0] | ura at zones at
applengs Riysglity of heat 'E"ﬁ?ir‘f’ 8 jeagt eagtton statleest ane pf thyg firgt Fr-’ém"‘a' edge
opthufiat éohduitahd ekt i@mmeidge of the second conduit poBBu. thehpduratist ¢fod

hQJI .:&llesawmg%?ed m‘i%li% Id %k ;P&oé? Iotdk Q:gt ;?ﬁonloﬁ g’ﬁttlﬂ 40 st gﬁe (If lﬂﬁ

pluralit zones ferent % i
firsh frmigg! ef‘!éafgt‘heofﬂ’e cBrduib r“""o\“’: f‘he“"ﬂﬂ“ﬁl effer f’@‘ Bfwﬂga“t““ u
pPEGAES. 60. The nethod of claim57,

conprising automatically controlling at | east one of
the plurality of heat zones.
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61. The nethod of claim54, wherein prior to the

heating and nelting, the nethod further conprises:

facing at | east one of the first term nal edge of the

first conduit and®tH&¥r¥-t%6ti nal edge of the
900000968%8nd conduit; and al i gni ng t he $$2Q¢718662-0

term nal edge of the first conduit portion with the

first term nal edge of the second conduit portion.

61 The nethod of claimb54, further conprisi reani ng

at | east 3% by Tsted oblain 57 pompatingjiging pt | ‘l"%%‘ﬁﬂ\”gma 1y

ahhtag raneslat bitidename than st &gibricaér of the Murrigy of besbgdnext endi ng

around the timed joint area. 61 The nethod of claim

54, further conpri Si ng: .. . heat i nog hanpm].

mel ting &t Theegthod ohdfip g forpyrising seifipgd feayy g Gfhe RV@IY ong

dfdeanranalto edifigenofempdnird thanat leastonchhet of e ipluiaby obheet zenef. i r st

term nal edge of a subsequent conduit portion; and

engagi ng_ the second term_nal edge of the first conduit

portion 9§t Ahg Kehodiof §1i““'tn; n??f“ﬁ'ésl‘"%é’&'ﬁréa"f&‘?' yt%’“@%%i Hent

®@enfibk furgiordf hanzondsher eby creati ng a subsequent fused

j oi nt area. 64. The nethod of clai m 54,

wherei n the_heat| nd | ting.includes th .
~si nul t anfbu %‘Eﬁ’f‘ﬁq?fﬁgﬂ?‘ 533{'}%"“&‘3’8"%‘? fh§g°af"égr'1‘?ﬁﬁ‘§ll"“%g1§e
ofthad athériopiggrisondui t portion and the first term nal

edge of ERR. 58&ANE: mdmlienmsn&&fges hefrst doriuf® R4
5000000697S3200718662: 0 65.

2009- 07- :
‘?‘ﬂ’é“‘*h'@?‘lf%é‘“éﬁ“"@l“ﬂ] W:8% wherein the gauge pressure for
t he engadignige itte Toaliominatadet oftthd fins epgduititortipry With Wienfyst

ftimdoge of tre (RN cddddilportion.

62. The method of claim 54, further comprising removing at least a portion
of at least one of a resultant external bead and a resultant internal bead extending around the

fused joint area.

63. The method of claim 54, further comprising:
heating and melting at least a portion of at least one of a second terminal edge

“of the first conduit portion and a first terminal edge of 2 subsequent conduit portion; and
engaging the second terminal edge of the first conduit portion with the first
terminal edge of the subsequent conduit portion, thereby creating a subsequent fused joint

area,

64. The method of claim 54, wherein the heating and melting includes the
simuttancous heating of both the first terminal edge of the first conduit purtion and the first

terminal edge of the second conduit portion.
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M304x,ilp Ca wherein Ma p is machi ne gauge pressure.
It is 3.1416 circle fornmula. OD2 is outside dianeter
in inches squared, 1D2 is inside dianmeter in inches

squared, |p is intePPRe A" "B etsure and Ca is the

900000@897nder area of machine in square inches. $(G200718662-0
66. The nethod of claimb54, wherein the engagenent
interfacial pressure is between 50 psi and 250 psi.
67. The ppthod of claim54, wherein the tine period
bet ween bhd s el 4H PLare SHASGTRE™FE | n
tAralaeddiengpthe Bliojing tyedands. 68. A fused
joint area made in accordgngapW th cl ai m 54.
69. A fused conduip made i n accordance with claim54.
70. A horizontal dMfBEtionattdri-f+ihg net hod,
conprising: drilling a pilot &l e in the ground;
reamng the pilot hole to an appropriate dianeter and

_ inserti,n% the fused conduit nmade in accoydance wth

wherein NER)is maghipe gppge PFSpUSE K416 circle formula. OD”is outsidg giameter
ipiinpiges pyuarsd (i disst de olamae thiadles sqarhny is Inkgfaddi geswie ind CAg a
A5 Rl CRAYHhlcnlBH SyubDin@kgOr dance wi th claim 69. 25

66. The method of claim 54, wherein the engagement interfacial pressure is

between 50 psi and 250 psi.

67. The method of claim 54, wherein the time period between the heating

and melting and the engaging is in the range of 3 1o 4 seconds.
08. A fused joint area made in accordance with claim 54,
69. A fused conduit made in accordance with claim 54. .

70. A horizontal directional drilling method, comprising:

drilling a pilot hole in the ground;

recaming the pilot hole to an appropriate diameter; and

inserting the fused conduit made in accordance with claim 69 into the pilot

hole.

71. A pipe pressurization method, comprising pressurizing a fused conduit

made in accordance with claim 69.
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72. The nethod of claim 71, wherein prior to the
pressurization, the nethaod further conprises expandi ng

the fused condui t™WFt*At*h *A°°RGsY pi pe, thereby creatin%
9000009A9%xpanded, |iner conduit. 73, SERYRT 18662-0
bursting nethod, conprising: br eaki ng

apart an existing, buried pipe, thereby creating an at

| east partially open conduit. hole; and inserting,the

I S e e R e B S L
further enwmdssi Exphveling, the fused conduit within a7bpst pipe. thewsly gERinm @
cRbap®liiin@ chidst al | ati on net hod, conprising: creating an

at | east partially open conduit hole: and inserting

the fused conduit made in accordance with clai m69

i Nt o t helcombins turshieg recthod, comprising: 75. A net hod of

l'ini ng 2Rt aglk BE exishf Piried bipa tHeRBLrdalinOantaRast pusiendy
(Fgﬂg&hﬁmﬂag1 in accordance wwth claim®69 into the host
e “ 76. A method for fusing a first
condui t ipssting banfuted copdujrpadn th ageordengs witain phinto thecondiit s ¢
newe of the first conduit portion and the second
conduit portion conprising a polyvinyl chloride
material, the nethod conpri sing:

74, An underground pipeling installation method, comprising:

creating an af least parfially open conduit hole: and
inserting the fused conduit made in accordance with claim 69 into the conduit
hole.

75. A method of lining a host pipe, comprising inserting the fused conduit

made in accordance with claim 69 into the host pipe.

76. A method for fusing a first conduit portion to a second conduit portion,

at least one of the first conduit portion and the second conduit portion comprising a polyvinyl
* chloride material, the method comprising:

heating and melting at least a portion of at least one of the first terminal edge
of the first conduit portion and the first terminal edge of the second conduit portion;

fusing the first conduit portion and the secand conduit portion by engaging the
first terminal edge of the first conduit poriion with the first terminal edge of the second
conduit portion, thereby creating a fused joint area: and

sclecting engagement interfacial pressure, cngagement gauge pressure,
heating interfacial pressure, heating temperature, heating time or any combination thereof,
such that the fused conduit is capable of withstanding pressure equal 1o the pressure

capability of at least one of the first conduit portion and the second conduit portion.
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heating and nelting at |east a portion of at |east one
of the first termnal edge of the first conduit
portion and the flrst term nal edge of the second
condui t portion; S 92929412 2009°0T-14 \5ihg the firs
900000968¢ui t portion and the second conduit portion %?200713662@
engaging thc first termnal edge of the first conduit
portion with the first term nal edge of the second
conduit portion, there crea ting a fused joint
oo PRI Bl Mt S B B Pt PR
porton.glesst one nifhgfrsteprduibeprtipe apirthrssereed cohduig portig comprising a
,;or}a ﬁmfcﬂsm@ hnatefif Slticfhod uﬁ@hgurggmsbamgméay bff mhe.ab;ba&os

at | hth t th
b e R, TR AR S RG] I T e o o
qaf Wideagrons efiarfiest teamiusbides ofia fiot canduit|pertigrt andm Birsigérminkleed gy of 8 t

SRAH UdrnbiuiPrtioh Of :@mdm& bﬁm@ %p Elﬂd&r%ﬁi‘dh tmms Edc&ﬁ cokdfic CA
%1%3‘9412 :%009 Qs I, chl B‘P { é tg) t d i ion, and the
ARG ROl ving °H8 ¢Jf “f'iﬁs“h sefhg frptg t’“ Ebﬁ‘a‘
pnd footuitandiombyseeaging the G ndtsrmmapolm of i, ﬁrsatcmdeasmmo rpth of
thdWstlidrbill cGROAME fecdd® Ed'uum;oa&d tﬁetlaﬁf cae@\gra%smedwr& and

Rertion conpris a po n e

B8 FeBRET TG oTeBR fubheben, i, REARE e
RV bmug iereperatareoiivating tige bomwa cimbiration fgrepfy siclo thatdhrpfasedt us
J&ﬁtrhfda Sttt s&ﬁanl:‘liy)thcﬁ@ﬁet straath 0B [fastdhe drRRFrst SonBQll foktRR Of
mﬁﬂwselm one of. a first termnal edge of a first
condur t ﬁé?%*%h %nd a first termnal edge of a second
conduit portion. at |east one of the first conduit
por tion andA koS @ BRE o ol Rist cda@iiit doRidn WOATRYCerA dafiud
189m¥¥$n chloride material; (ii) fuse the first

art pd%tlon and the second conduit portion by

engagi ngheptive apd melting & desst rafortion) gba Gfst tetydinal pdes tof g rfiti t
PRt b&ﬂ'anM'nd ] l&h@ pf)ri:ﬁngctf atiiok mnﬂlﬂl ed@ﬂ%t:@ﬁmﬁ&@nm%&ﬂﬁi

v%grggllhc hrsp %(m Uét r‘h&n ang [he 3 | n(fn tEIlIf ngion ecl'(lfg"nensod c?fI a lyuuy‘]ea

sel'e emnmen PRCPAY ssure
‘@ﬂ@hg@ﬁﬁﬂ#mgauge pressure, heating |nterfaC|a
pressur eyt Ia@ag ih8 guttoe;imiemw i thd ¥QBAd BFult b«rmmecrgetaayy
cg%?ﬁln%fﬂ? eatgcp agEI neﬁ ?%rﬁf trényrifiﬂegges g{hr(é Prgltc?nedﬁ ?qoﬁl :ﬁ‘ {he F(r.a%@
agfhaeltsd fi t“h@"‘f"imi sttge ebthel umnd [pendpit prstion bjang wéags@a\b g facial
pRENAUT dhoyd OFd psiODifereby creating a butt fused joiftGrea., A Met hod for butt
fusing a first conduit portion to a second condui t
~ portion, conpr ating and nelting
at | east™a B'erwcfheﬁ "bFlaiE' 78 prbsgreip é}erhe*ﬁ*a; apsy pelting infipdes
ebtdSdf o€ oMl W ipbriiDsita Gt amcofalie fir@ agining ch@rdf itenficg feomluit
psrt.(rn%d ﬁ.@fﬁtmlna@z#@%f o sczonmﬁﬁﬁgmmqnmqmatmgqmé i on,
wherein t first  condurt portion and the second
conduit portion are conprised of a polyvinyl chloride
mat er i alsp. e method of claim 78, wherdduprtor fould hrgfing el hélvngt the
J n and the second conduit portion
"?@ggﬁﬁkrggﬁéﬁﬁgaglng the heated and nelted first
~termnal edge of the first conduit portion with the
heated and nelted first Zrninal edge of the second
conduit portion at an'eng genment interfacial pressure
of about 140 psi, thereby creating a butt fused joint
ar ea. 79. The nethod of claim 78.
wherein the heating and nelting includes contact of at
| east a portion of at |east one of the first term na
edge of the first conduit portion and the first
term nal edge of the second conduit portion with a
heati ng pl ate. 80. The nethod of claim
78. wherein prior to the heating and nelting, the
met hod further conprises: 27
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facing at |l east one of the first term nal edge of the

first conduit and the first termnal edge of the

second conduit; Snifs2e4i2 2009-07-14  Jligning the firs
90000006P%i nal edge of the first conduit portion V\AthSGR@0718662'0

first termnal edge of the second conduit portion.

81. The nmethod of claim 78, further conprising

renoving at | east a 5ort| on. of

bead extiei@ichisahesahlic fRdeminel "dlfctﬁg lﬁ”&"oﬁ{‘mt&i‘?&egﬁ Al
- iehkiolofge GORREGH @MBR andhe nethod of claim 94, furt her

compr | S'aﬂgr ﬁﬁﬁﬁ&EBIAuﬁl CAT ¢ RRECThANe plinl Wieh e first

3heati ng [t ngﬁ Ieast a portion of a second
"i“é'l"i*h“i‘?ﬁl"“é"osﬁ%’“%‘f"“‘f‘ﬂ " st VO flI CERTIFI CAT mi duit

portion and at |east a portion of a first term nal

edge of g Sfmg,emy‘e(mc;aﬁpndﬁhﬁer Qﬁfpﬁdlr(gﬁemcﬁhd at least a portion
the second ter the first conduit

"b"i‘)’i‘f"‘% exigrphPepdatepqifegy éhre%"th é‘fﬁg B gjemof t he subsequent

conduit portion, thereby creating a subsequent butt
ECTION 8 CORRECTIGINEd | %mﬂé ﬁﬁ‘md of dalm 94, furthercomprﬁﬁg The nethod of

SEE CERTHFICATEC] ai m 78, whe LA RGNS
'ORRECTIGH. ARTICUEdat | ng '&F""#H’é" ‘f“r“r"%-t‘“ 'F‘é”‘F H“rﬁ‘éﬂ% gd%""&?‘er?'ﬁa P%é &
VOIR CERTIFICAT .gomitl pivtionpad dt legsna punibn bfvefirét torginal edae manuhseqeﬂwnw PprHen:
fcond condui t portl on. 84. The net hod

claim78, wher e| t he. heat i a
heat i ng ﬁpﬂﬁ[ﬂg tlgtsecgn ‘,% ¢ of'th %%n‘a‘ingcHt%ﬁﬁthl&% 4

terminal edge of the subscquent condun portion, thcreby creating a subsequent butt fused

joint area.

83. The method of claim 78, wherein the heating comprises simultaneous
heating of the first terminal edge of the first conduit portion and the first terminal edge of the

- second conduit portion.

84. The method of claim 78, wherein the heating is conducted using a

heating plate at a temperature of about 415 °F.

85. The methad of claim 78. wherein the butt fused joint area exhibits
substantiaily the same strength as that of at least one of the first conduit portion and the

second conduit portion.

86. The method of claim 78, wherein the butt fused conduit is capable of
withstanding pressure equal to the pressure capability of at least one of the first conduit

portion and the second conduit portion.
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§5. The nmethod of claim78. wherein the butt fused
joint area exhibits substantially the sane strength as
that of at |least gne of the first conduit portlon and

02529 12 2009-07-14
t he second condui ¥ BoFtion.

86.
900000688Hod of claim 78. wherein the butt fused condﬁﬁ?OQ?JBGGZ@
capabl e of withstanding pressure equal to the pressure
capability of at |least one of the first conduit

portion dth condui t rtion. 28 CA .

02529412?206‘9'3‘5*7‘-%%%%38686'&6;‘155}ﬁﬁi)ﬂg"ééﬁf“dm’“ conduit
Brionxomatsed for butt fusing a first conduit portion
t0 a secaadnCondutithg QQE;L(i QﬁmuﬁQﬁBrﬂr&it@ﬂmal edge of the first

&%‘ﬂ}il prlrgirn?ghg a eals%a ;?)ﬁwn Pf a fer%ﬁ'rmma -«9 l t%niuggnd condlatr &){tmn

con

: W'@&@t thtahr;domdwbw"w ary thfcjspegnd CP@PW&’F‘ a@d@@n@ﬁ of helygigrond
GFiderhiterOidi on, wherein the first conduit portion and
Lhe SeCOBdh ! ALl AbEuE IR LAGH BhioRogeprerty
%@r"ﬁ&c%{*%d F“P"r"%"ﬂ’“cftﬁ*rﬁ tmwal ples ¢fjths ficshspaduit merienatithihs heated

@0 meklied figOEkniaNcdgd geihé eerw.hwoﬁmg detidgat tahsPeciiRa ey ciad

r. e first conduit

H%#%ﬁﬂ%&hkﬁﬁm&ﬁ %hﬂg%bg Qm“%ged first term nal edge
of t he s&bgsaiithe Byibsed g rﬂw BiiibHy substagfiplly ithiejsapp strength as

180 gE) RREESH: of thd ekt kbandhindortioh &8 Sid kend chdtiefaMiofr eat i ng a
butt fused joint area, wherein the butt
fused JOInt area exhi bits substantially the sane

st r engt h3%s Theyagthod pf ggim| 82 quhereiibe pecifief enspgement it ¢
ip@sukd iofboanal gshe second conduit portion.

88. The nethod of claim87, wherein the specified
engagenent interfacial pressure is about 140 psi.

89. The #et Risameshod gf gleis 8% whygsiarths beatinggs ﬁ@éﬁ‘qﬂlgmf‘% d

leaing plet aid tigpingreaf bamdisng pl ate at a tenperature of
about 415 F. 90. The nethod of claim

87. wherein the heating and nelting includes contact

of at |e¥st The pePed Grrlasm Batwheshsthe hgtingomd miglting jinclyudes
chescnbNalleagdg@nidh of fi8eabtiohs bl GO Rdilkbdnifaioedpd GMthafiek dotit
pghlgr?‘snd'il'@rf'm mafstggeeof 91@ se‘i:(n]g ﬁﬁ&%%&@ﬂ%k&m@@ﬁ&' on with

eating pla od of
cl aim 87, mhereln prior to the heating and nelting,

t he nmet hod Thermickhed ofobinp BT, Svbarisin prior to the heating and melting, the
method further comprises:
facing at least one of the first terminal edge of the first conduit and the first

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

terminal edge of the second conduit portion.
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flacing at |east one of the first termnal edge of the

first conduit and the first term nal edge of the

second conduit; and al i gning the flrst

terninal edge of PhE PP %Y Huit portion with
900003069¢t termi nal edge of the second conduit port|§ﬁzoﬁ_é18662'

CA 02529412 2009-07-14 9000000697SG200718662-0

92. The nethod of claim 87, further conprising

renovi ng gat f

bead ext gnleh§%§§ug%f§8H35 E cf"ﬁpr[sﬁi%b?ﬁ%taérﬁéswmn

oF3 oSl otey 831“1 grtendipgirpung the b‘t“lﬁtst’qt%‘?‘ “t%rrp rising:

heating and nelting at |least a portion of a second

term nal ?d@tﬁe&fmo%tQPclaEMﬁun{}e?&%h trgporti on and at

| east a port edge of a
subseque heatinend me\.""ﬁb?ﬁ feast dﬁ"""&’h‘tf a second terminal edge OféP@%@(I ng
tdnduitpegiondd kiaéattia padiorad g GrsOtmindieddeiof Sdubsequad véntluip@rtioh;:on
Wgth the first termnal edge of the subsequent conduit
portion, thereby creating a subsequent butt fused

joi Nt ar 8aging the second terminal edgg of try, frstrapdiip gorign wifhgthe,firg7
winesad bdge bhibe hiesdpiengrotdaitpotiee thesbynardatr@raeobisquixe bt Agedof
Jtop,gar;l rst term nal edge of the first conduit portion
and the first termnal edge of the second conduit
portion. 95. A nethod for butt fining a
f i rst copduiThe fpakddiof Alaim087a wheddiOthel h@mcbdﬁabnsmimnilmnpus

ro'f t‘ﬁé ﬂ'q te]gnnma] ft:dge o{ the first co:ﬁﬁﬁ;o @gan% fi Eﬁe&* s ofltl*%aSt

rtio fermna ge o
Wﬂﬁﬂ“f‘““ﬂ’@'?'t}'] on and at least a portion of a first
term nal edge of the second conduit portion, wherein

the firsts candiiol sk ath'f%ﬂaggqgﬁ tcghguus qo QQ&GM donduit

portion are conprise yVvi ny I orid
RPEOBrPHPrIsing butt tim ng t he f| rst
condui t peatityi @@ nﬂiﬁdg thieasse potivad of @ rfiokil itdrmip refigean’ the first

&thlﬁtp%fl Rg atq&gtaaq:loﬁgn lhaeﬁrg (?e?r];tl zg e&g gf tﬁ? c&oﬁ&j anliJﬂSﬁortmn

erm na nag rst con tron wt
b figH Qondie Rogtign Md%ﬁew@ﬁmdwaw@ag‘@wﬁ@ asré’byaﬂt!
dprdimderiplpdntii on at an engagenent interfacial pressure,

thereby Gh Q@i B afk Bl pbtiiGild hlelbha &a&iftportion together by

engaging the heated and melted first terminal edge of the first conduit portion with the heated
and melted first terminal edge of the second conduit pottion at an engagement interfacial
pressure, thereby creating a butt fused joint area,

wherein the butt fused conduit is capable of withstanding pressure equal to the

pressure capability of at least one of the first conduit portion and the second conduit portion,

96, The method of claim 95, wherein the specified engagement interfacial

pressure is about 140 psi.
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wherein the butt fused conduit is capable of

W t hst andi ng pressure equal to the pressure capability

of at least one o f|r conduit portion and the

second conduit pd%tzgsuzz amoT- 96. The net hod
900000869¢| ai m 95, wherein the specified engagenment $G200718662-0

interfacial pressure is about 140 psi. 30 CA 02529412

2009-07- 14 90000006978G20071 8662-0 97.

The net hS‘F' ‘Ph Cclﬁlod aim e\{hgl '2 aet hcatnlee}g Icor}lguc%cﬁ usm%fl

conducted’'using a hea I'ng erature
'&ﬁ@&?‘afﬂi‘@"““l’“at“m’fabf’“f"”"*‘ 98. The met hod of claim

95, wherein the heating and nelting includes contact

of at | eéhs t Tl‘rflz B?ﬁ(&lloqll}a%f 9§twhergl‘gstﬁe l?egtﬁllg%d mﬁm% mrcﬁaes

t erm nal st condul t t1on an
Pptpct pf ?é?afharmrtwéa@@ legpt opeyaf %@E@tﬁerme'e'nﬂsq 2 ot sopiulli ¢ h

partiaeaid tHelfiat @nminal edge of the second con@@t portibewitiibeddiaef cl ai m
95, wherein prior to the heating and neltlng, the

met hod further conprises:

| east on®- ofhetpeghod pi daim P hpreig Iprics dytle bﬁ““'tgh“éd f"i"‘?‘@ﬁ* the
routhiod Girther aowpritdee first term nal edge of the second

condui t; ﬁ@dﬁ‘l leasl onc of ¢ tc%“\ ?Qfg@ I tﬁ{kﬁ\tt Jdﬁ‘l% ax&i(?ﬁerﬂrgal

edge of t con por rst
*f’@f"ﬁlleﬂ'&l“’@ﬂif@’"éf""f“ﬂ'ea"éecond condui t porti on.
100. Thealigatighoe fiat tahiadl gl theUfirithotidult @ORt6A St Ghe first

éﬁmmﬂhggfﬁgmgﬁg§$$@%£§g{ion of at least one of a

resul tant externa extendi ng around the butt
fused joint area. 101. The net hod of

cl ai m 95100f ThietnfeMod GFRBMN 955 ERBEr comprising removing at le3Edioktiog
of Jf i qu?&m Gl dirlg 8} %fth%tﬂ%&? the bef. M nal
ﬂge 0] 9 E S con ul %ﬂ "5r¥’|"“on t'E':lHd '“1 east a
portion of a flrst tern1na| edge of a subsequent
condui t {00 The @RthoddTdiaim 95, further comprising:
heating and melting at least a portion of a second terminal edge of the first

conduit portion and at least a portion of a first terminat edge of a subsequent conduit portion;

and
A engaging the second terminal edge of the first conduit portion with the first

terminal edge of the subsequent conduit portion, thercby creating a subseguent butt fused

Jjoint area.

102. The method of claim 95, wherein the heating comprises simultaneous
heating of the first terminal edge of the first conduit portion and the first terminal edge of the

second comduit portion,

103. A method for butt fusing a first conduit portion to a second conduit

portion, comprising:
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engagi ng the second term nal edge of the first conduit

portion with the first term nal edge of the subsequent

condui t portion, thereb)é creating a subsequent butt

fused joi nt area, o 02529412 2000-07-14 = 135 " Tho et hod of
9000009687 m 95, wherein the heating conprises sinul ta§@89§713662'0

heating of the first term nal edge of the first

condui t porti on and the first term nal edge of the

second CQ%?a 1 Sﬁ nd %nert:]p% Cmtf‘ast a opoamn f lhe ﬁrst tennq'r{gt?’édgé/'\ofr{ﬁé E&&d

for butt second
EWHtURoftiop gpd 11'6 st st PAgF qythe ﬁondeﬂpdw Bortop 3 at least onc

%ﬂ&d%ﬂﬁénlﬂ%ﬁ%@ﬁ&?ﬁ@%ﬁﬂﬁ&ﬁﬁe #® maintained during the heating

: . e ;
3G 'mﬁy B it Lo Ol enfihs LAJE of s

iUl POFLiER g la? seseng dergimaltades of dheotaernd smnduh ROTSBr 5ot
fbltch ®addtis ﬂtﬁﬁed&peﬁ ifitsk @fhiha bdpe bRME dtst Phangohion andhbyr fisn

!emd&i E@QI i dS’r %no”aa'nﬁ‘kﬁ‘eré?r?ﬁ ‘?EF éoﬂcﬂmfgﬁﬁmhﬁaﬁttﬁeng

ere errﬁ enetrate
feFfng cqnpst PPF'P'STW foevmeﬁ%ﬂa plugRt nﬁw'wrw condU| t
porti on &ind fksiag teeman@nduft rpoitioe land thg @edhd tdneuits peatan cby

_ &ﬁ%q% itfe b e{l"-mlu:lorma'ltetiS S gznﬁlpa@%dg?%mlfﬁs? %:npu?%glgbr?w:th%e%gedat

erm na urt portion
@Hdﬂe[tweﬁmuwwteéaemf H‘&F%g’@""ﬁ‘ﬁ PQTRD. GErely T8 ﬁd’a‘f fused
jJordréaon, and wherein the first conduit portion and the
second conduit portion are conprised of a polyvinyl
chloride material; and butt fusing the

first comMuilhe gsied o daim 1% “hereinntie CBgUPEUD oPRFEN
dnyagenanofi llibgwithlemch aédice drsaathingietead the firscdondoi pmm:a.imhelég e

l@.f:tect Jﬁg mtr;l'te(i %I‘st Pédgel & ﬁ\é Eéc&lﬁ ?(Wd'%n)oﬁlhl?al Q gﬁ% Jﬂé& ent

I'rst term n ge o e secon ut
‘ﬂ?ﬁﬁf“tclaliﬁe“s“(%er eby creating a butt fused joint area.
104. The nethod of claim 103, wherein the fusing

occurs thyso Eg{},,&,g}g gg‘g{m HEA; Q,F.f,rélbfﬁe Bk A% ARthe Bttt

first term Irst conduit -portion wth
Rreieradowd4aast nelted first terninal edge of the
second conduit portion at a specified engagenent

interf aCiI(%' Wﬁm% laim 103, wheﬁin ;gmr to ﬂ"lle%ﬂﬂgg‘q nﬁﬁ&\&% of

cl ai.m 104, erein the spécified engagement
W‘MW&?“&W“&sessure is about 140 psi.
106. Thefasing fdalst ofie afltiaifirat fe6Bnal wipe pEtha fingrdowiuit sl thehferst

AT gk ARY sl bindsh, adahe met hod fluffier conprl ses;
facing at, | east one of the fldé h?‘n naI ofﬁtthe
first colligning thy fist desmingl;cpgs of ths fst opp “é‘dﬁg' ?_) ﬁ'é ™
tewpalredgeodihel seednd cardt portion. aligning the first
term nal edge of the first conduit portion with the

first terginal edoe of. f1%S8ronghfo Rduiihe K254 b Bon

of a resultant external bead extending around the fused joint area:
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107. The nethod of claim 103, further conprising
renovi ng at | east a portion of a resultant external
bead extending around the fused joint area. 32 CA
02529412 2009- 07-24*58665006Y75c200718662- 0

9000000687 The nethod of claim 103, further conprisi ng©200718662-0
heating and nelting at |east a portion of a second
term nal edge of the first conduit portion and at

| east a on of a first.termnal edge of a
subsequeﬁ@gbgﬁﬁﬁW?OgngP%h@hgﬂﬁmm“m& engagi ng
t he secohedizgcamprimeling @ drge agpriipthel of spqoad learimbiediet ofgbR fFton
binduft pbifien dnll GtSdast b pE0nNTh ARcgMial cdfedCa Sibbagued d@ihit akatui t
qrtion, thereby creating a subsequent butt fused
Joint area. 109. The met hod of claim
103, wheruspging theseppad fepnripal iedge ebthe) et ceppuit 8orhep WihHBfPng
@iniidaB cdit obtht QIERGEcA dhdit @brii) thebyAck&aringha subsequent butt fused
P. The net hod of claim 103, wherein the heating and
?th Is inplemented using at | east one heat plate
positi oned between the first term nal edge of the
- first comeithe pehddi FrRIam to3t RRerdin mslthieattiﬁg ﬁicmaiuctﬁsdge.g?f
i Lid.on. [1l. The nethod o
. %%@?ﬁ?%%gﬁﬁﬁﬁgﬁcggﬂﬁgﬂ%iﬁsing renovi ng the heat plate
frombetween the first term nal edge of the first
condui t P Thed et of Rink | 10Kt wheRinTitHa Aheattnd gsid Ofnclfinze is
AP Y e B b Psrposjoned ey o i il M TEAOC
st genghitppriion endileefirse wrmirsbiedge fthe gecpridicanduit goptiefnal - edge of
the first conduit portion with the heated and nelted
first teryynal e.qf. t cond condui t. parti j..n
| ess ¢ hap b P s G {16, S66P gl o Y Bl
Tt bstyeperothe @rstadrmingl Gdge of thecires icppduitportion andithedirt sminal algeof
16¢ JROnd avn@mperniieat i ng of ' the first termnal edge of
the first conduit portion and the first term nal edge
~of the second conduit portion. 114. The
met hod of12ciTag wethed3f dgtved B avherpin afgtremavalsf dhg bptplatgr e
cAYaRinp thk Seatet! MR tnR 4] fidt teinikal RIg SR fisst dotdvd bbtti@svithliatheandd at

alnc? %g!tcd ?Qﬁer%ﬁnalteg&- off }hg g:gnnﬁ chl]lgl}llé r&migrpil;\ seissqmm gi[mt $§@(§)ncﬁe cond
conaul portion:

ibih
it

113. The method of claim 103, wherein the heating comprises simultaneous
heating of the first terminal edge of the first conduit portion and the first terminal edge of the

second conduit portion,

114. The method of claim 103, wherein the butt fused joint arca exhibits
substantially the same strength as ihat of at least one of the first conduit portion and the

sccond conduit portion.

33



33 CA 02529412 2009-07-14 9000000697SG00718662-0

115. The nethod of claim 103, wherein the butt fused

conduit is capable of w thstandi ng pressure equal to

the pressure capdBi¥i¥{>df*%at 'east one of the firs
90000096Adui t portion and the second conduit portion. 332007186620

116. A butt fused joint area nmade in accordance with

cl ai m 103. 117. A butt fused conduit
made in da t.h ai
et hod 155 e RS o bt 163 Mt B e e condut i papaidd

withsspiing S HIE qquqb & the Blﬁssure Gippﬁl‘plptg Phﬁ -ieast one of the first conduit
fRxion bhdamd sB@n®dondul p&ifionone heat pl ate between the first
term nal edge of the first conduit portion and the
first term nal Fq%e of the second conduit port| on
heati ng Al¥d Afatt fuped jpin preq raage in ageordenes Withelagt 1% he i r st
term nal edge of the first conduit portion and the
first terﬁ‘ R% ltFuscg ungutr%ala ma L‘gl‘gél;ll.'lg i gH‘n ¥O3port| on at
at | east one spec ed 1 facia pressure, wherein
interfacial pr essure IS rral nt ai ned during the heating
and nel t i1sgA héuer dirybup Gushi at fird Gorklil e pdiia tto b Gepmh@hduitt e
Rl o rst termnal edge of the first conduit

or L oﬁ&gﬂ the second term nal edge of the second
condui t prsttieningpt leasens hed alpte fetpesp the ficshisaning edes plthplystat
dohditiori@iand weé filstdning @die ofxhe dedvad dohdult por@ndui t porti on

and the flg %ta\?\% %mg;&'lﬁsq@&m&?& ofttﬂeeigﬁem{?.fkgl QRIEUAd fist |

portlon ortron and
ondul pgrtiey ﬁlﬁfdl“t figlotenminghedgy of e pastnd §’é‘l§“‘bf’°f%f’“|ff6 |3W?Sh9'r'=
phiified iirtkefadia prtsiua) wherein interfacial pressureli@ ﬁiﬁ)'uthm@ duligz thekfting

:E’nh Hefingd Ehggﬂ,bﬁwkﬁ. Glmt NG &! En% atet FIB 'Eﬂe'?i?s 1ol e £oftlnceﬁrst

first conddit portion ang Irst termna ege
it e e dbsnend %'f'fheéw 1 gicpecond condui portion. sy b
meeDval iobmichat e fist Pintiab edge DAY firmgeohdai phdiat ad tﬁ]ﬁi’st

tUEﬁJnFaPQHf n!Jtrtl?eL e{ ﬁ(‘ %mﬁtl p{)ggg ﬁgtp &hefenlelaf lfirgtSJumﬁR gngﬁJ and the

eat'e I rst termnal edge
s&‘f"“‘f tedul eertindrconerispt of peRly iRt rhlotds @By creating a butt
fused | Ofembviry th@heat plate from between the 5O termiitnd cdgetoficie faort

Sl giln]u]n%nd ARG “r‘énﬂﬂll @oege EHﬁ’é s@&n@é&&dﬂﬁ ﬁorﬂdﬂr Abgh

engagenent Irst

edge of %‘W’e’ﬂf“i"ﬂa%‘tf ﬂwﬁﬂ H'ia‘t’ @a@m @ﬁ h‘*vﬁe? Pf‘dt"rfg%'ra%{t“é’a“‘%{n d
exigl off thel fifsi qosduit pation withl theehdge aof méllediistaaning edgerad the second

MﬁMnQLer@yMGéﬁﬁnﬁ%gﬂgmm interfacial
pressure.

119. The method of claim 118. wherein the fusing occurs through
engagement of the heated and melted first terminal edge of the first conduit portion with the
heated and melted first terminal edge of the sccond conduit portion at a specified engagement

interfacial pressure.
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120. The nethod of claim 110, wherein the specified

engagenent interfacial pressure is about 140 pSI
121. The nmet hod of BPEHH Y8 Wherein prior to

9000009887 ng and nelting, the nethod father conpri se§9200713662'0
facing at |l east one of the first term nal edge of the
first conduit and the first term nal edge of the

second c %d LHw m:fd?? da%:m 119, wherein %e nfl'eg gn !ﬂeg\elﬁt uLélEaHal

term nal st “condur t portio
H@F‘%‘t'ﬂ‘@\“rﬁ‘?f&’l edge of the second condwt portion.
122. The nethod of claim 118, further conprising

renovi ng ﬁt ﬂeerﬁe?ljfod %f {1%!380 E:heQJin 'mt tggl‘éjl h&ﬁsﬁé ang Meﬁigg Ithe

bead extend| ng aroun utt ftuse ol nt area.
neshpd S QRANGA of claim 118. wherein the time period
bet ween takifg &t @0 \oad ofGife firdd @rind kdgp bEthefiratrandain gaighnimt

l?)}m,wegge0$g,tegcgun§rcl9ndgp[lgded first termnal edge of the

on wWith the heated and nelted first
t er mi nal a‘wg@tbsfﬁr%t Hesmisgl cederdof b st ondyds pnoftigh with theglirst

trfidval edfQifithe 4o GendiSportion. 124. The net hod of
claim 118, wherein the butt fused joint area exhibits
substantially the same strength as that of at |east
one of tHe- Themgthod oficlsim 118 fuithes mPifing repyungsat legh g portion

«f @ Feclikinddt ed@ial be@dextending around the butt fikeliSoint iee net hod of claim
118, wherein the butt fused conduit is capable of

Wi t hst and| n pressure equal to the pressure capabi l

of at |e¥s thagl of gpim {8, wherepdbrdmetperiad betres “ﬁﬁﬂm’t"ﬂe
o decthad pﬁmnﬂdu brtgagemertt ioDMe heated and melted first 1drdal ellpeofmet frad

Bhauf 'p@rlum ith e AR5 Reiteld st 1EBir e oF n QGG R HiFbaRT 2

heat i n a tenperature o
1y lpss thapya EFt“t““P'M’éed joint area nade |n accor dance with
claim118. 35

124. The method of claim 118, whercin the butt fused joint area exhibits
substantially the same strength as that of at least one of the first conduit portion and the

second conduit portion.

125. The method of claim 118, wherein the butt fused conduit is capable of
withstanding pressure equal to the pressure capability of at least one of the first conduit

portion and the second conduit portion.

126. The method of claim 118, wherein the heating is conducted using a

heating plate at a temperature of about 415 °F.

-127. A butt fused joint area made in accordance with claim 118,
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CA 02529412 2009-07-14 9000000697SG200718662-0 128. A
butt fined conduit made in accordance with claim 118.

36 CA 02529412 2009-07-14
9000000697 S$G200718662-0

12B. A butt fused conduit made in accordance with claim 118,
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