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Al R I NVERSI ON AND STEAM CURE OF CURED | N PLACE LI NERS
APPARATUS AND METHOD 5 CROSS- REFERENCE TO RELATED
APPLI CATI ONS [ 0001] This application is based on and
clainms the benefit of pending provisional

applications Serial No. 601674,420 and No. 60/ 700, 632,
filed on April 25, 2005 and July 19, 2005,
respectively. 10 BACKGROUND OF THE | NVENTI ON [ 0002]
This i nvention reI ates to a nethod for installation of

a cured in plat® 10N ?1?“’@5{ #ng conduit by
air inversion Ofgbi’ ﬁg‘%u 83 liner with an
apparatus havin i | between the

everting liner and a gland. The resin may be cured

W th contj S ohER¥GERTOUGH mﬂqémlg oss of
pressure CRESERE ﬁgﬁapifl‘;lcrrea A?;E or practicing the
net hod. The nmet hod and apparatuses are particularly
wel|l suited for lining small to nediumdia

[Q98hkui t sThif ppBgatipr lﬁsbag@né)ﬁlaﬁmf&/ ol thin G 1ok ponding

pfbgﬁ%%ltaﬁpz%uﬁis%hmn@@ GORRL AN, 0/70MEEY, GledWwRdApril 25,
& gJulSUC as sani tary sewer pl pes, st orm sewer

1?03 irefeectiXplt gas 1ines that are enpl oyed
for conducting fluids frequently require repair due to
fluid | eakage BACKGROEMNE OPTHEINVENTION | eakage rmy be
' rd fromthe, en i ronnmen i nterior,

B8Rt | R P EioBAR B RS BIon A s Y SrehiR Rl tmer

ididen bedikagendniyy be ivstsivarad afmahtmmﬂn@nated)hnhn@mhmg apparatus
ortion_ of. the ellnel u

%m\ﬁ a low fncu{)n sqal Q ft‘eh éhre ege llt}eF&d%lJéi gs :i"g% n ma b% Sucl)ﬂ?d .

Wuthlcsntlnetak élgw—th:[a@@ﬂﬂ@amnghdue mqaarepgye ped t9ube p;@aratuses for

p}&et {r%gﬁermétﬁ'&}t A %ehhgﬁl afdf ega&)ﬁ‘%u&g g g%kul&!y%ll @fted BPlining

ioration o Itself due to normal aging
sigpll tp anelibi didiets #@IBHS- conveyi ng corrosive or abrasive

material. Cracks_at or near |pe j.oints be due t ?
[Q093] r onnEnisaEereBNYi Veibigows ﬂ grndpits, Phcfbléai‘g FRrticEly

uﬁ&vg%tﬁmﬁmpes‘ s&caraig QarieR SWESISE, stdhe sovETRA v A lihescad Qos
siml ra

tl
iyt e R ettt e degtinty B Speu e B oS5
ot Bd@Biratiah| Eh@mﬁkagamay @8 tidviard fromaisst evvisdnricheinfd the dhitdyer ng
d t 30 '
oFTRESS1 A0 e PARRAA o, B b MR B

cofduding portion of the pipeline into the surroundmg enwronmcnt In either case, it is

desirable to avoid this leakage.

[0004] The leakage may be due to improper installation of the original pipe, or
deterioration of the pipe itself due to normal aging or to the effects of conveying corrosive
or abrasive material. Cracks at or near pipe joints may be due to environmental conditions
such as earthquakes or the movement of large vehicles on the overhead surface or similar
natural or man made vibrations, or other such causes. Regardless of the cause, such
leakage is undesirable and may result in waste of the fluid being conveyed within the

pipeline, or result in damage to the surrounding environment and possible creation of a
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dangerous public health hazard. If the | eakage
continues it can lead to structural failure of the
exi sting conduit due to |loss of soil and side support
of the conduit. [0005] Because of ever increasing

| abor, energy and machinery costs, it is increasingly
nore difficult and | ess economcal to repair
underground pi pes or portions 5 that nmay be | eaking

and. r t he pi.pes resul.
aphirpis Rt rerB B, of Bl il srrdBui bt il fodsfiduhe or
the existing carduit énh:ab)lolss dfadil oW sitk sigieors bf thgeopdupiel | nes. These
new nethods avoid the expense and hazard associ at ed

Y, on SBechi ) P80t FRaRE il it P sl B 10 b

inttessinglybiore difnét afl ltshecawowical to ugni smdangrmpldna;bqs foe portions

e 19431 de I?Jhntcrrb?r&?cg &g%g aﬁfﬁﬂﬁ&h%{h?ﬁgggﬁtgé PEERS SR o%@ﬁl%m

use e nsit U
haﬂrb@@re@medﬁqr e iy pdese gepair st whabilitition d@f ¢xdsting Wpelingt. Shiess My,

méth@cg %v&@ e cBped@hnd %Qzaﬂrhgsoémt%@ itk Q%gm@ kb aﬁd]@pl&c%ht tf&bi % ges

are |ncorporate her ei n §1 r'ef erence.
011 mpft %?%‘@%a?ﬁ&’é‘ﬁ as e sletifigast peonvariench & the,peie, Pe et §rr5.>ﬁt

suRtQiIEI i Rend }eﬁﬂﬁ B Genchis l#élﬁﬁﬂﬂah&ﬁﬁro&gseﬁt}faﬁistcufréﬂﬁr|1§ wide

fogamor simlar resin i able materi.al
uss it &l fhe Fﬁ*a%?rﬂlé‘@aﬁq%%%gﬁﬁ%%eﬁalﬁ st s Bl o
4,00m068 gn@d4ed 1 whd 4)1 3,95 Reninths @ntehd @ ehich bde @ncoBdiatedihsrein by
|nstalled within the existing pipeline. Generally, the

YHEY is installed utilizing an eversion process, as
described in the later two identified Insituform
[0086fent s. Inl e tstamdagl praGiconf il heiagen Pracbissahn plogssd riexible

l 4 ed |nter|or of, an.everte es |t

BB BEf oL & i Bpd Bl B el Sy ABHe D8 8E By
impeencpblp ebiting . that-ldnaebwn urlpraenaltadswiﬂuﬁ dhmmﬁhetbmgsvsrabls 2n is
inBhiR0 A 68, ggﬁgahala' b@&mfn Sk LR ggmhﬁ& lah BRsion

usi n
prgmr@td@smb%ﬁ ] ihﬁﬂ@wn@@bldemﬁml |Itmt11%ﬁn (pPrigRfgie rin dhe £piEon

pﬂb&eé rddfil &\4@5&3 %&1&@ thhdintehSr de b Serted 191..310&&5%& i R8inktlafinto
to cure against the inner wall of the existing

eq@ﬁﬁfgiemnw g dpey Blage ofj the Piaglivat dpvershee I‘EF‘éfO'@‘”eﬁ’é’Fﬁf sy

alEcS;ﬁr&fn?ér?bet;mll?@ la lr@um.grelgmatﬂl 1fa:eleinﬂalﬂﬂse@nd1@crby aGbfForlche s’
nd e a on rre

s s PO b o G erish ot Bl Pt e e

tol dane@r ie Mareo anreoaghmst taerimthwhiape thecmsn@ pipeline] ySuch resin

in{plﬁegnatec{ Ierieg are o%en?r% }el rdd tOITEJ u?ﬁ—&lln lg%eo 4] a}fe)é‘me r"C?ﬁh\?ﬁ'and

¢

i'ner
mehemﬂadnumﬂ%smhnp@ﬂﬁba%MbUMder ends up on the inside
of the Iiner after the liner is everted during

{dﬁp tall a‘%‘l#] o@@?%axbg%ugdla?)ﬂlgg %a‘Je alaegutclr §m!:(ﬂ§5a??erj o%qelatnvely

ﬂex1ble substantlally impermeable polymer coating the outside of the liner in ifs initial
state. When everted, this impermeable layer ends up on the inside of the liner after the
liner is everted during installation. As the flexible liner is installed in place within the

pipeline, the pipeline is pressurized from within, preferably wtilizing an eversion fluid,
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pi peline, the pipeline is pressurized fromwthin,
preferably utilizing an eversion fluid, 2 such as
water or air to force the liner radially outwardly to
engage and conformto the interior surface of the
exi sting pipeline. [0008] Typically, an eversion tower
is erected at the installation site to provide the
needed pressure head to evert the Iiner or a bl adder.
ternately, ever nd
s &SP PBetT o st g g burliy Jo SGHE R Catorm 1o g,
infeRbr s3ffac@4fhe atidinblpipelme597, 353, the contents of which
are incorporated herein by reference Cure nay be
I-pi-t 1 at by..introduction.o I,.nt o,
10008k ¢ o FrmRgl oh P 47 s on i ey bh S svidaipe
naedued_t Pressea Gemif tot dvert ¢hedinet nga bladdr.. ﬂlﬂameilebﬂ amn ek uriitsas
reci 0 C
stoBf b W8 ﬁgr PR 8854 0 RONG L1 SRR 189 380,09 b PR,
5 @ﬁ?ﬁ 5B, e rcentesfts txhefhml@ ateulb@rmat%bh@@étbﬁ refmecer elSyrp may be
intiFRE 39 %oﬁgctl'oﬁ]to@h tn’?ate'r 'ﬁ% egnN3bta et t‘ﬁfo‘u@l 2 ke%lrwllzﬁﬁn hose

cure forma ht fitting riqgi Elpe i ni ng
aifphefit iersad e&tl@tem@ngphrﬁél grsiom Haieh ByeqiHeled through a heat

softfch Sichlay £bMleS G S cRIMYnger MA Ksurdio 1R maﬂeft&i twewnﬁl dﬂfé of the

eptlon or |pe10|nt deterl ratlon n or
tups Is\feRpletey Pﬁiﬁ &gsin) @&r&ggaéedelpm@ m?m%gaab&? mata’ilﬁ &5 thelh'éufed fo

foer iaSttakd) Gighil fathd Agid p_ﬂﬂaalnﬁigﬁﬂdm[ &ﬁldﬁls&k§ﬂpelﬁer @S néw liner

tre en the existi.n s.to. I.de
cAeafiE o etk S Tpie pBF Secb e i BTy iPbhe®
togmaviestdmihenlcakap® €081 infbhe cetvditisi agistidgpigaiine. V\Thecplurcwa@xrt alyre
se%%glso sﬂh&eﬁ Ghe egpt?r%r#p% ﬁnenwgegllr"s%?x?g \g&gcir% G dtesgttmkrﬁﬁgl%ﬁppoﬁ%r
m@ﬂnemnmﬂimﬁﬂmmKMbd was i nproved by an appar at us,
which allowed Insituformto create a hydraulic head by

[o*oggj tgsen%ft rstRN [ EL %hlehalwg@ Tlm-ghc%ggdﬁaﬁg %@%o,%ggw BhuSed

€ apparatus an thriou

werlsefs ﬁb*tee%ﬂ feet Pieave Bip gpnvad @ﬁﬂnunzﬁ'drewaftné Pleﬁiéwéwwﬁﬂa el wv@d

wa Rip RV SR aﬁﬁ%tumﬁ&h ARRKA Bindorn 19 ERRe ﬁyarmm neasyafe
t he tube causin nvert into the pip

be
use ghafbirreentadg. T gﬁ'@g%wgséﬁfb‘éwélﬁq}%%f t%foarpp%fﬁes and pulled through

tth sihatick w? sQifriz&Wdidr beloRRY Rlve D TREprBaW D RREr dpPliddse
or 0 u een ears,
o A% @ﬁ; e REHER S Bbahe BB PR Sl s, Toese

appﬁhﬁﬁeslfér tHe erchaBBitagigm ol isinyll dfachey aipk diavd béey iafusé Her about
|nvert|ng wat er. WAater nust be heated typically from
g@fnyfo 180F in order to affect the cure, and then
cool ed by the addition of nore water to

[0010] The major disadvantage to the use of these apparatuses with water is the

quantity and availability of the inverting water. Water must be heated typically from 55°F
to 180°F in order to affect the cure, and then cooled by the addition of more water to

100°F before being released to an acceptable disposal system.

[0011] This disadvantage may be overcome by using air in lieu of water to create
the inverting force. Once the impregnated tube is fully inverted, it then can be cured with

steam. Although water is necessary to produce steam, the quantity of water in the form of

3
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100F before being rel eased to an acceptabl e di sposal
system [0011] This di sadvantage may be overcome by
using air in lieu of water to create the inverting
force. Once the inpregnated tube is fully inverted, it
then can be cured with 30 steam Although water is
necessary to produce steam the quantity of water in
the formof 3 steamis only 5-10% of that required

f t r.nversion, e and cool down. This neans

t% Yga‘i“ mh% E%% "iﬂg%‘ﬁr@wﬁeﬁ ipveysignesurs andrsoel downdihisymeans

hphsteanbdae bonsed icten. 1f ﬂr’herSs 6t i’&aﬂjﬁavﬁﬁ‘ﬂlé%'sﬁg Tﬁis 'ara%tlikereducnon
ragy

gy e.result of
avg‘.@fq'”{ﬂy te?p%fr%%"d% fhe fes“rﬁd’f 9 Mighey @Prﬂyrﬁ"{ﬂﬁb S feyrpast potind of
Seishi e fegs obsteanp muﬂd oné phedt sfthewed Sater. Otfe %bﬂﬁdofogteam

Séraa¥ing 1 F QR [ oun i ves off
B P 500 e R SRR e ST B wilacoat pound o

Bp @l VesTatt ‘éﬂb{ JneoRBU BY 9asindegea dintedpgtime: drﬁp Uamned@édlﬁ&er
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el S,[m?nmr:3 ai{klb on of t hemﬁtg)g?& lﬁhﬁ3 }%%tﬂp cVEle §§ftaﬁ3§/r ?'é"&ﬁ 1S CECLFr ad

cyc EOLWEE i nstallation tine. [0012] Wth this

apparent advantage in using air inversi on and steam

[ﬁﬂllﬁ] vvhy Wah thisldppirbif adlﬁgtchetxﬁ ¥Sllkggﬁ ;}i?e[rsg s\%@b{g ggggp%}aas

} it verF on and hot water
%é&i v 8 Oﬁ’\f%F‘?a”‘i‘%é"ﬁteé&VPrmpwrdé@hmted:uteabe t he

un| nvested portion of the tube fromthe inverting

0EY to tWhen wMe! &ibQ BRRRK ALY SsihSml %ﬂ}éﬁg n&h%egx‘éwmm@d

o the quantity of water i splac
JO&[? fﬁgl{t}akﬁeé W RyeItiag ppsetty Bednverting sppanateris biveved up by a
foiof eqvel twahanginghy obwatirsplaudatbyithe SUDH! ABLARLE Y %ﬁé’%%f%g

to 15 pull the uninver
S8 AL LR BRI s Rk b ok
Pl the wrnvertechigbe Fomwan tto g 1ﬁ@mh@,uo§eh aWheRi V8 uk&0tot BR: the

ihveRibg Wkcd, IR BRRELM Qbe FR onptéep E? %tt rpg B]glle ;h?:;xargrreequq@

actin on t he 1 nverting nos
apfion {isiigyistting frose lebthe t}lﬂ;embﬂ pulbithe full Weihl 44 thelbE@rviaf ces
must be over cone to invert a Cl PP tube no rratter V\,hat

[0014] usedThﬁ €@ st hoy € pLnese
T:orrce " esqw ?‘Sgyﬁ ﬂoﬁ%veerﬁtrh ?%}S Hhege rf“f at 18

lCJl T or M tfli%lg“'?fﬂ’fg) encrgyiThegedpress aroy ar i es by t ube

t hi cknesi; ﬁﬂzto%llﬁiulrécbwﬂlvaﬂﬂie ﬁ%l& Al Qe Gfsidk Y Th:s forc
f orce necessar il

virlRk GFAESH
th es%( e %“Ir“%rsﬁ P*ﬁgg?l %(PS rq “ﬁﬁm%fﬁ 41y thickness to ctlmeter

i nver si ok noshhe force necessary to pull the tube from the inverting apparatus to
the inversion nose.

3. The force necessary to pull the tube through the inverting apparatus.
[0015] Force number one (1) above is generally the same for hoth air and water
inversions.
[0016] Force number two (2) varies greatly between air and water and can [imit the

length of air inversions. There is limit on how much pressure can be used to invert a tube

without adversely affecting the quality of the installed CIPP tube and/or damaging fo the
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3. The force necessary to pull the tube through the
inverting apparatus. 25 [0015] Force nunber one (1)
above is generally the sane for both air and water

i nversions. [0016] Force nunber two (2) varies greatly
between air and water and can |imt the length of air
inversions. There is limt on how nuch pressure can be
used to invert a tube wthout adversely affecting t he

I f t.al | P d/.
oxiiEe oartufirabimg! BRRAT O OB EIR R AR Beigon ppe 18
refpodeth pulliigeforcand air i nversi on to reduce the reqU|red
pul ling force. [0017] Force nunber three (3) can vary

[0BprRcd ONed g, ARRAGLAL 5 Q@%h@%seh%nqgéapgaéﬁgﬁgﬁ%uﬁl most

presently in use, the force reqU|re e tube
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mﬁwveﬂwmﬁ@ﬂ@sﬁﬁTﬁW%ém Eh@% in turn causes an |ncrease
on the friction between the inverting Cl PP tube and
[wland [IﬁO@L&J of thedé Hpareft bEM&eofaqtﬁaﬁr@l‘H cdﬂﬁﬁﬁﬁ itd ﬁot&ifater
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amaﬂertioﬂe Hladddt nd flvwethsiuginsiadin toanreihad beat tiveiodod addemfcade S.
h - di i .
e
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canisfOf HSclost §Y thie PhieRS i2fbt AGWBRIBORSIIAY Qhd VedeOTian@ R 1iBEON
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Medipn s¥i%8r lingrssp JBose) befivept abqyt détf’@ﬁﬁé IgeRGh R e
difBéteriBd itHoba i BLhebsT GRouth SAREESInd ldrsee irSdiameter.

[0019] Accordingly, it is desirable to provide an improved apparatus for an air

inversion and porting assembly for flow through steam cure CIPP installation.

SUMMARY OF THE INVENTION

[0020] Generally speaking, in accordance with the invention, an apparatus for
inverting a resin impregnated cured in place liner with air having a low friction seal

between the moving CIPP liner and a stationary inverting gland is provided, Unlike other
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Medi um si ze liners are those between about 18 and 45
inches in dianeter. Large dianeters are those in
excess of about 45 inches and larger in dianeter.
[0019] Accordingly, it is desirable to provide an

i nproved apparatus for an air 25 inversion and
porting assenbly for flow through steamcure Cl PP
instal lation. SUMVARY OF THE | NVENTI ON [ 0020]
Ceperally s a the

iR 8 g i P CAE. S PRl P Yoty

mdréhs@fri%ﬁﬁ] bri the fubiwhén Javamx‘rmivmd]geauﬂemweﬁncmsqdom saple and
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m Qto tl?é] CExAA|nYSHhE % 8RRk cordnBGELase friction on
ube en inverting fluid pressures are increased.
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t
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TTBQ&_ﬂuEtin@:ﬁ%ﬂthb Bagd d&ﬁ)sﬂ?§ﬁlﬁdd ioReRIy nmln@trxgtd@iﬁhﬁ:cis Rebstantially
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silivowg rugbar iagd dﬂmﬁ ﬂﬁwﬂﬂsnt éaybs(tlésﬁtor &eﬁﬂ)yuchppe P et ﬁpmg de

mﬁgr?nehﬂlg ?a@er%%@ 3.t ’Fﬁ]? H%t\]vstohg t@ép@@ﬂubr-ggﬁ tg lt}érbgrfﬂ@)éf the

one statl onary de and one’a jUSta e side n

inyeniing €8 lingrhén §h1atembpfﬁmynts theeaditetebls udeaf theaglendgas 2
sugétaﬁxttﬁll}y\ﬁéih" 014&1;1@1 heeeped Mb& Jf%ﬂo‘htcﬁ‘@ﬁe tike, faée’ﬂ ‘withYl Giilar
conpressib | ayer of material ﬁg § Si || eﬁ f
cogprasgelpand %Pé‘Efé?m Saer- A, Fepedzieel i ari o ﬁ‘é”Pe spegjticaljy for
th €58 dndSHickhe@SofPRY O18B 1@k td B lvdr@d] Mge dhaged bllcnsla afamalaloee-

I f i Thi I t
Pit T Oror Jemeb i e e i g Br PR oY e Bingf R
ofefibomiPriReat to bt hatatel. UsS tphbe adusmeafbolt ﬁﬁeprgshtaﬂdcfomgl ggetion

tantially rigid one-inch thick shaped bl ock of
mﬁ%ﬁ%n%br the like, faced with a simlar 15

conpr essi bl e and absorbent |ayer. The shaped bl ock is
[082%ed anth whipeembdirdnt heaglimd B dermedthy &ip hé)haf opposed

ﬁﬁ fs%ﬂ)@sgﬁie QbedideinGhipplrafs E%hb@gbﬁié%taﬂCHrw&hﬁxsﬁﬂ aped

may be a one- piece FE g be forne hg a
Seélé‘é i ao%mdeg ErePAding FoRY B RSB FOTE BRI hﬁgpwgt ¢ fingers
mlzqab’ef b@lnoﬁédzcﬁl orfside ERinglaRiRitiohae bpgosedb@lei an stuadubd the Liber on
arate %%%ustnent bolt is provided for each section

b Hgtisaedsp
[0023]} In a preferred embodiment, the gland has one stationary side and one
adjustable side. The stationary side has a steel backing plate faced with a temperature

resistant ~ ¥ thick compressible layer of material such as silicone rubber and a thin

absorbent layer (1/8” or less) such as polyester felt to apply lubricant to the surface of the

CIPP tube. The adjustable side has a one-inch thick shaped Nylon blocks faced with a
similar compressible and absorbent layer. The shaped block is sized and shaped
specifically for the size and thickness of the CIPP tube to be inverted. Typically CIPP
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20 [0022] In another enbodinent the gland is fornmed by
a plurality of opposed fingers across the opening in
the apparatus. Each finger is an air driven piston or
rod sealed in a cylinder extending froma manifold
positi oned about the opening. The fingers may be
positi oned on one side facing a stationary opposed
side or surround the liner on both flattened
tuch mft a&egi%or mxhers[: a?' Biigdugarcf’are% x’&g{h%e Igsq:rsesrgg@ ﬂ% ﬁﬁﬁ:t}%{]&&e’fhls
m@nﬁd&at Five ts frereision zﬂvwblge@tecmasfe@n@t lepdr ibae RhenlgSHEﬁ adethe
smaﬂ&?ﬂrc%f‘eﬂzln@e %@Pﬁ&é jsn%he Ju e ST Lxrﬁsu'lts 14%6 fobMr &Ker having
ressi ayer o naterl such as siliconé rubper
a falder! area axitlick sabtsle hsdvhe oroawﬁhqnl /Tse compprgseible Jayery £ cagh side
of F&Ql olfed ta@cromffrﬁhite ih‘i’s AR ralép/ othd# l'ﬁible Q:ﬁﬁE se%%nhh@gu&b’iﬁésaqfﬁe Rided
the CI PP tube. kﬁ 3’%@ g?e q? 4
argaHfgk e Yra prel am% Bt sf“éffﬁ?d’ th HHRA e
acERMMYdRER| B &hid n@ha@é@s Br Iawtspbtawknesa'heausm ap adefrebmk The

si zed.and sh G for
coppiee BeeroPAb Srier b 1t bRl citen s il el Radifodate gy
el sPR thiCknksshepardiasd efictadort Die limitedrash ofinaesedrhivtiframtsgd &y
w Lh.the | r fin [ neans
R
a is on the inside and the snull est C|rcunference
loﬁ%ét ed |4npadingly ibris tpeobiser of &, inyestien R PrAVidS Fnnintreved

apkd}ﬁﬁsr anll 6@6d RRYMVEEng ACirelifledviiia@@ or thick spot in the
ube cross-section. The conpreSS|bIe Iayers on each

th |
0Bl o Jhis el pERY pPREDTTROT e i B oy U B ion
of BRYIPPOME WidCdn aljlﬂtabkargﬂdnd det dss nbhiecrsase filecteicioh dnhtbe BhaPP

accommodation for this change
‘ﬂwH%Fﬁﬁ%ﬁh ﬁ$&?ﬁ?““ﬁﬁggéﬂﬁou|d be ineffective. The

conpreSS|bIe | ayer, which surrounds the CIPP tube, is
(00411 suiTt dulatiartese cbivptoel dbce InpRFion (taRE0VdSORN ARABERIA SRS air

“wﬁgamﬁtgggugfmhgﬁghbgg The linmted area of increased
friction caused by 10 these thick spots hel ps to

ure the | ow tio erf or nance .
OB20! o o Bt OR G o B i RO irering
a cm?v e;mrla@mpdamgahmuvﬁetrem ehd /it thwiackrted fipaa ted low flawdhwreghrdd

o nver%ere a CIPP liner with air. [0025] It is
Sgﬁﬁ?r%ﬁm f“ of the invention to provide an

appar at us for air inversion of a CIPP liner with an
[082§lust abt & y§t afdtheheliect okibe fryention de ewside fyeirfipyesiqnornd

st%ﬁicérul:ekg%fl ea'S(fi@P lindrav MG PR RYSh B fifid: W EbIRPL BN © steam
cure, '

[0029] Still other objects and advantages of the invention will in part be obvious

and will in part be apparent from the specification.

[0030] The invention accordingly comprises the several steps and the relation of

one or more of such steps with respect to the others, and the apparatuses possessing the
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[0026] It is a further object o the invention to
provi de an apparatus for air inversion of CIPP |iner
and steam cure. [0027] It is yet another object of the
invention to provide a nethod for air inverting a
CIPP liner and porting the downstream end of the
inverted liner to allow fl owthrough of 20 steam for
curing the resin. [0028] It is yet a further object of
the invention tq p vqefor fx i nversi nangtf te
Featiffee RORPORICTRIh TeIPRR Oy FleRst WA U SEeTIIES et 3
didcioB@E addAhCRbjeap iR ipkitn wWildbsihdienwed it theelainjs0029] St | |
ot her objects and advant ages of the invention will in
part be obvi apparent from
the specifi c@ § ﬁfﬁm{v{g&saccor di ngly
conprises the several steps and the relation of one
[oosl]m)r e 1ot a sullehumitepsdivg dfitheriespiot, rafaeitctrciad tditbe Sllowing

t h d . ti
e PR ot BT a1 RO A= iefios feh BRLSRR 04T e

detailed disclosure and the scope of the invention
[om:zll be HiGH] Kaltaad i{h atehe etsdvaional. vi@RMEEF! DESCRIPTINGNOR
| aiPahedd '
oI e s o Srb s alled B it B ERALEEA bl fhe
accedaré pith beinverities | n connecti on vvlth t he acconpanyi ng
drawi ngs in which: [0032] FIGS. 1(a) and 1(b) are an
Lgvati onal i b aif Berfion MRS
(0§81 of *Bep Ko tplec il Pl ulol(FUR el et Beon BB
Flﬁohstruct ed and arranged in accordance with the
invention; [0033] FIG 2 is an enlarged top plan view
the ghan OO iR Fik G
m?éﬂ%] %Hé§ O‘Flltnséhlagi%eélkolrpéJ lagw ng I an ‘\llll ée%vse;ggwa gl gélec(ii
bthnn@mdar@e@ﬁhnp@&r@ﬁap@@mﬁm% IPY?n‘a%or dance with a
preferred enbodi nent of the invention; [0035] FIG 4

[0'0§S]an el ﬁﬁaﬁ '1@5?@«418‘{\(1{{1&1‘9{ wc?éw @f‘anadlf inbddN&T a%.'d%ﬂ:a:ﬁ Rke ShRAMs
cure Egara us Wt C PP liner read i nversgme

withy <P v@deeéﬁéoraweaﬁ@b@nﬁtﬁlc@é oY aaaee %Cﬁmfl%ée Wi
ik EhBRAL | on:

1ww)

{0036} FIGS. 5(a) and 5(b) are plan views in schematic showing a plurality of
fingers of the gland of the apparatus of FIG. 1 in an open and an operating position,

respectively;

[06037] FIG. 6 is an elevational view in cross-section of the air inverter and steam

cure apparatus of FIG. 4 in accordance with the invention; and

[0038] FIGS. 7(a) and 7(b) are schematic views of an inverting cured in place liner

entering a sample and porting pipe, before and after porting with a porting tool.
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[0036] FIGS. 5(a) and 5(b) are plan views in schematic
showing a plurality of fingers of the gland of the
apparatus of FIG 1 in an open and an operating
position, respectively; [0037] FIG 6 is an

el evational view in cross-section of the air inverter
and steam 20 cure apparatus of FIG 4 in accordance
with the invention; and [0038] FIGS. 7(a) and 7(b) are
Schengi ey g%@bﬁ@%#ﬁﬁ%%@@% | ner
ent ert fte
porting with a porting tool. 8 DETAILED DESCRI PTI C]\I CF
{OPR§d PREFMEWENBQBIWVBH[C]%%‘B@*—] amifygroves] mefpchepd apparatus
£ o GvOIBHE SncdMehih cHERG! d1PB 1BE i d&%ﬂ%@éiwﬁﬁkbﬁﬁ bty s Standard

appar at us for air_ invertin steam curi n

Pragtire Jor Rebeiiietionc¥ Lwstine K@Fﬁwlﬂziec@f’aﬁd@fr the gfmea%tm e

cﬁﬁﬁg Beh abiid-lntppdgharan Thbe EXhestnbtig Bidp@bm&ags asaﬁu@lcrfsem diei W8l
"Y’%‘B he | nversi on and Curin

Resi n- e
B SRR Ot SPGB P e e
e:smngemhefd@tpeum kidngnduitam t he surface through
structures, such as manholes to rehabilitate existing
i o ph@@,lr bR SHARAFFON UL Sir 100401 JBPRLE Rde NAW f10
I 1, an alr inversion’and steam cure uni
cetrusied ged areingaddn agconlpre avith thedueotiahaip showiiin ¢leakien. Unit 11

isl AN @MELOr d ﬁglé Iﬂﬁi@ﬂal' @pﬁélﬁrvaaitnétginsucﬂy 4 stéei- or é!i@mfnﬁm and the
constructed arigrd mterial, typically a netal

lilqy povaposife rg%tar@#s iy FerAlsh suliable SoHena 9sidey cem Mg dhe

nﬁ@ﬁa@ﬁﬂeﬁh@s £d thh R &S0 B Ra@hisOddmb @bl e so long as
they can withstand the 1nternal pressures and

t Uni t
P e 1 S BRORIRT Y e plseiyfhablr 2
hayirgsmupger Clhagetié and 2 bothvanvilange B Aippllw hiaigeindddsianahoal 6
. b I h ' ' ' .
DB DI ARGE b, B MBNERL NETE LR THELRP R BoRk P
seoiyl 1ckeidh alaraapgrening rl’(ﬁsﬂnéawﬁlll% abengac’p ewd anzanpplertilange 18
for %E&ﬁﬁg 9&& nkng b&@&n %&%eams i Qfou@ Qf%@éraﬂ dﬁaﬁﬁteﬁﬂgoté{b be

annul ar ange for securlng

reﬁqhb/rfg%aﬂfa in vy - a‘W%‘WsOPGF‘W é’%@ﬁfrt@waq%% rseqy@@tl% chkyd@ea

s%b@t@ﬂitahy cﬁﬁ&ti@l b8k Bodd N byith bxtermBBids 0 fRREARAYa Tlddhek
[LUSt 0-CO

on 17 .incl ude substantj al |
PRen Hfdrie |m @%Fﬁi‘f“?fgz%%et% © "("rﬁ‘gixﬁ‘é?fﬂ% bgof b%lsgk ¥6?d
witk et/ ngmankolitdadsback 20 portion of a cured in place
liner 20 to be fed therethrough. Inversion boot 17 is

[O%Lﬁ]o fit i‘l?edtop of pressure chamber 12 is closed by a top cover 22 formed of a first

semi-circular section 23 and a second semi-circular section 24, Both semi-circular top

sections 23 and 24 are secured to upper flange 13 and facing cut-out regions 23a and 24a
to form a gap 26 therebetween to allow passing liner 27 into unit 11, The details of
construction of gap 26 to form a gland 28 so that sufficient inversion pressure can be

generated in pressure chamber 12 and inversion boot 16 will be described below,

[0043] Semi-circular portions 23 and 24 with cut-outs 23a and 24a are secured to

upper flange 13 to forin a gap 26 along the centerline between them. Semi-circular
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with an air/steaminlet fitting 25. [0042] The top of
pressure chanber 12 is closed by a top cover 22 forned
of a first sem-circular section 23 and a second

sem -circular section 24. Both sem -circular top
sections 23 and 24 are secured to upper flange 13 and
facing cut-out regions 23a and 24a 25 to forma gap 26
t herebetween to allow passing liner 27 into unit 11.

O-Erfg)e gg ngf Sasl?f{nﬁ?rg%? r%lcml'lé‘?t of Qfgtmnary%@d%d %packe?.% f ﬂg& H%ri%rﬁﬁ d

I nver st on
moerieg admacm B apaubmﬂy @ﬁmnib@phojzzwaqmss thvelrame@n obpetswt6

e S 0 [ I IS
N T
ﬁup@%wnﬁk@mﬁemm@n%ﬁ fonn a gap 26 along the centerline

between them Sem -circular 9 portion 23 includes a

[Ob@#]' zont ﬁhtc]ﬂﬁ’é bdj0abB/ scifi-cBdut ipaftiah 24 Hisanilcldea ok etljuding
th a horjzontal npu ntlgg? 0
(6}

RS AP eBE Sear 7 A sl vedeal ectipndiapd
flaiéd ParRGs3e. e Adjoktanitatiacka 3andsospréseits et-one aigloarzd84a 7777777,

| i .
e PR R BRI B by T ieb s S p ke M a1 o
maujting ttdbdseors enbstaatially uigl shiyed blogin424Blatis? inplodes d debe driet
cu@ghtu@t fa&gg/ tl%r\?egth;glt %egtﬁo V‘%H{' s"f‘a’c@% %&F\e@lsl ”%5‘5 l:vﬁgaut t(lja

vertical section 38 an
fotmfair b)d amp @rdeitatipn 39, shapdl lbéqchéiﬁt Brree kapt adiestragng gorpvede Ates

mgﬁhttedq}éﬂmﬁ Qﬁg&%&ﬁ%ztf& ay Bgtr)g’ﬁ% postfile & bidHRUE 8P By the size of

adj ust ment br acket i'ncl udes a cut-out or drawer
gapEgiso s (g nepat linep Ui Eing at I east one substantially

rigid shaped block 42. Block 42 includes a tube inlet
[0D@SCut - O 4ieefsash N@orhpressibRr ddn@&dssi&e aidnder 33 agf positioned

t at b - 3 i : .
o R AP el B Sy B
plﬂl@lﬁ us hlvag theseshnsirf4ets af glandTwakbisdl e 36 dnd beayped] tobfradsik
ﬂared segtro]pggfi éjn%%ggg'hlg Bl%vie 'sHogtlﬂ chliafngés ?ekaélg ?esﬁ:@ntgy%%rthg@r

0 enga I ne
2'{ @G}ﬂ:&}'lga'gvd)ms blend 28 @j}flt 2ASTEH ﬁm’@ s thddition fighpasepsistible material

46"39‘(3@5%&%1@ I%Fe? 4P %Sﬂogih%@ @0 thd gutgﬁé Mﬁpﬁ@éﬁe ﬁﬁﬁhél QB Facitg

cover per ange
7§r iThis rrzﬁ@rlﬁlsmaymﬂapé%ﬁoxh’aﬁarrab‘wel Stlﬂ“eanaé%Yeh@f f%‘b‘%? thet gan By
01% ab grR1de GleRlking koraﬁdsrt&@ Rad 7S e&m&ﬂv&m ablaﬁﬁ ketow friction

el e HEE. Mo O it MR RS R P03 g
gl@xﬂﬂm €Usei T c@ﬂnﬁﬁ@hb?@m&&ndl 6 pelps gand 18 @ubplhm b theattds-tecdom
and profqyg{ lmersi7 Geap n%us?men?smews 44 are mounted on adjustable bracket 36 to
displace shaped block 42 towards opposed vertical section 33 to adjust the opening of
gland 28.

[0046] In the embodiment illustrated in FIG. 3a, shaped block 51 is formed in
three individual segments, including two outer sections 52 and 53 with curved cut outs 52a
and 53a and a straight mid-section 54, Here, bracket 36 includes individual pockets to
hold blocks 52, 53 and 54 with opening in bracket vertical section 38 to allow movement

towards stationary bracket 31 in response to tightening adjustment gap screws 44. Block

10
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46, an absorbent |ayer 47 is positioned to the outside
of conpressible material 46 facing 20 gland 28. This
mat eri al nay be an absorbent material such as a | ayer
of felt 47 that can be oiled to provide |ubricating
for inverting liner 27. Alternatively, a layer of |ow
friction material such as FEP, PFA or PTFE can be
used to facilitate passage of Iiner 27 through gl and

S ter 46. hel
R o TR b NeB VR o et Pared r Tiniding
op@sipgsadlfantrmenthe gflewmpddf e 7rount ed on adJ ust abl e
bracket 36 to 25 di splace shaped bl ock 42 towards
[0 95’205 ed yef iy 19@1&1de§ afdel 192"m§|§1t1§1§’ b:3HekSh v&éﬂﬁd QPHL kiaGvARA of

nd 28 nmbodi nment illustrated in FI G
p@aure shrbed2 ’1‘% EKing, ieg$ §7 ?%F‘ﬁ?@am% unit b @er pih iptokiation pecess

opeREEEUhS 11 i ohdtdbBd of MAgi0 WetlicSBAEriaQREhIE sBBICor 2Binidnind)
curved t outs 52a

Oneaseniied aﬁms%mulﬁes?%mnﬁo%a@g 3 ng S‘?"’ﬁ‘&‘f ‘e}a"é‘g‘ﬁ. A PRmRIGEpte
mﬁ&@aﬁ( -1 ﬁorﬁl(hdﬁi&ath@ gldnddlmkﬂloﬁﬁlg 1m8r 20d pad thdréthvoaghertiengir
Joon 38 to all ow novenent

Pf?ﬂ&%}sa%m?twg%‘ T A3 10 aspomeat o

i ght eni ng adj ustnent gap screws 44. Block 10
[0ﬁ148:] sectShepedSdoch 4 srapitbs a gingle mesimyhit asebieye Invhregnebedimsuf &t

H@em ﬁe@ded%e@eéiﬁa{é §0 %ina&}lféiVe%@hm%Pﬁﬂh@&ﬁbddf?neﬁpﬁf}%"S]
ape of liner 27. [0047] Unit 11

Aqlqﬁfeqnalore@opwa@éﬂsp &g f%te% Phisly Prswvide pestisr %ﬂw’ dedfisting 58

fo§ belan@ith Iéf:atioﬁ beffdda8d ¢RRARR I &dssisadtiohd EirM@sibRAT 1igf 27
for su qg unit 11 over an installation access 5
tgere P$

asdREH 11 is constructed of a rigid netallic
material, such as steel or alum num Once assenbl ed,
[084% - Ci r@onh;mevsmbiemtaitemnls%fisla mn'qbeﬁﬁrewbamam Rapetd o edeilid@

1ol gf r%%’t%éﬁ&c%la?lslﬁconggﬁﬁ{ ! %l thlﬂ gbso reﬂpl fg% ﬁg\%ﬁ g&k{%&gfeﬁs

pass t eret’hr
tompebfsiubnesamtstouth@ st el Gﬂﬁ’c bnegi %7 is trdased Pmlﬂeft o, suffgg4d)

§E;geg§ae Bk&% 42 nm@ar aﬁbe,e,% 1&, ra%@n H&ﬁt@f%ﬁ udSis § PGPR sdrih Lahe

i ncl uded three sections,
begme ingriace ppikd feéts Céwé\%ﬁ fqrﬁeci bregag %achm%m@ pIdE4 may be
mﬁﬁi%‘lﬂ \Faﬁﬁlﬁé bﬁﬁﬁﬁin@ B8 efBRAinAinSRvR@ afpdirBd o &bl PfQY s G&h

eate $I|ty i n adjusting gap for dealing with

aﬂs %ﬂ¥1¥p§afﬁ ds and variations in cross-sectional
di mensions of liner 27 as it passes therethrough.
[0p6®M49] Couwipt leis padibidariyeadl susied 14 Gnsiadl acsntal niperewt GIRP liner in

anreg:%jciggt c%géuit'u%liéigg gip to T¥ert Efﬁ?eﬁingrj 8 team to cure. Small diameter liners

are those having a diameter between about 6 and 12 inches (15 to 30 mm).

[0051] The following procedures are followed to install a cured in place liner by

air inversion and steam cure using unit 11.

j0052] 1. Adjustment screws 44 on adjustable bracket 36 of gland 28 are
opened and a wet out CIPP liner 27 is threaded through gland 28 into pressure chamber 12

and banding boot 19, Liner 27 is cuffed back over the end of banding boot 19 and secured

11



10

15

20

25

15 layer of material, such as silicone rubber. A thin
absorbent layer (2 to 8 mm) polyester felt to apply
| ubricant to the surface of CIPP liner 27 is placed on
the outer surface of conpressible |ayer 46. As noted
above, a low friction material such as a PTFE scrim
can be use in place of oiled felt. dand 28 forned by
gap 26 in top sections 23 and 24 nmay be infinitely

ri abl e by lizi odi rent _h V|n a ity
wi ROl %645’ £ 29 i Bevent “Srbitnia A eBnY 20
inversib@B@P] 6. Uni t 11 is particularly well suited to
install a small diameter CIPP liner in an existing

{dg‘ég’gf’“ t Rthloidc})%éﬂ’]i%{)@ﬁr c IEIQ is aﬂXc%E& tott otﬁér @ﬁcf of_elﬂ'gP ﬁﬁe@ 3m o

Snal Fiher
suifableritbeipanb is toleewshonaibearbens fﬂﬁd@b’elﬁ?f’l aﬁ @w(-:-@let(tg Blrtul)’em upit)L 1.

Gﬂa9952]8]1$ I&}&teﬁ%ldh%wu%eﬁ %ﬁ@lw %smﬁtsﬁﬂ; abée%d 28 @bout CIPP

Install a cured in place |liner by alr 1nversion

11%ﬁﬁa%teamcure using unit 11. [0052] 1. Adj ust ment
screws 44 on adjustable bracket 36 of gland 28 are
fmsgned apd a Thebtheténd@rRi® hit @uearm e 'ﬁsScohﬂmmad@dletaltrrmgh

oL & ran S SRR af oBeaDione v omsoEnRor BanarR

Ab@otand Seamncbns@tonsect chidkedvior bafétywpins bawip ebssksingdled. Once

th%%m!@v%@nhﬂnmﬁdemga d S alggga %ﬁggf%&%%%@%@&@evm

I nver si on oot
air Gpe theeugh dbheait supply tinch cenneatedith en @it ¢raprasseg ‘bife agidippharge

liéééd[? e cgrzpl eddor iSUbd:@Rdqnd AolpARNor IstheRb@s&d on absorbent

layers 47 at the inlet to alr inverter unit 11
5 and 28 is_adjusted with ad crews 44 t
Ifi?ﬁ% orm ¥ cl &é@ngheaﬂsfs% W her %ﬁnq s‘twak"-[ Wsﬁlff
evdrythiie 190§alf£lindef&ﬁiiy0fo ;srh@,ecartd saﬁeaamd iha Qnrl’s&atﬁQﬁﬁﬁBlde dTHe0
eam suppl ne.and
s o st et ey ERT R b i P
siédvly seews doveh thd a&mmm:—mt onahfsalauegulatblec keutadegie aofuptly to

tHe 'd@st?rﬁ@ Bir }mér OI?: %}'@ HeSfL ?tg ? gyfo? w}lpmenl? Iy\ﬁﬁf} &

I'S c ose & air regulato
lrménmﬁlamk@ﬁer@tﬁi storagesruek extin togdged inftp @lwrwmeo Ugh it, the
air supply line is connected to an air conpressor. The

[emlsrs] dl Sciﬁ@er BQersibi !secoaﬁrtniﬁbw %nﬁ:l?tﬂp Erﬁ&ﬁ@ tnd Sf Bk gmdls 304 air

ressor. 1S en starle e
Ry BB Al G el et R ERB DOV P e
inverter, Just prior to the end of the liner going into the air inverter, the hold back rope is

wound around a capstan so that there is tension on the rope leading into air inverter 11,

[0057] Once the end of the liner goes through the gland in the top of the air
inverter, the gland is adjusted to reduce air icakage. The hold back rope and inversion air
pressure are controlled to maintain the same inversion speed and pressure used on the first

half of the inversion.

[0058] As shown in FIGS. 7(a) and 7(b) a PVC or rigid pipe sample mold of metal
with an exhaust pipe assembly 61 with a mold 62 and steel pipe 63 in the far manhole and

align it to receive an inverting tube. As the inverting nose nears the far manhole, the
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everything is safe and ready to proceed to send air to
the air/steam manifold. The 15 air/steam manifold
operator then opens the air/steamsupply line to the
air inverter and slowy screws down the adj ustnent
screw on the air regulator to increase the air supply
to the desired air inversion pressure. The air
inverter operator will sinultaneously pull CIPP |iner
fri sLQrage u d
i) ol L S ) FRct BHED Bl i 82 ol B ik 87 The
ingessien in stepped mipd the imse m?thep invergngdingr io fbovhene ldjapgter past theeemd
ofhbple gOidgaverter unit 11. At this time the hold back
rope up is threaded over rollers above the air
ipverter. Just prior to the end of the |iner %PIH

008415 ¢ peTheihold: hgblopess tieq pfeandgheinpraek s peroried Diitsiie o

st@[ p@i—n@g ﬁpmmtm@ang prdt 66 Eﬂﬁ@low& etne agd mwa rm EnhtppérQB@
ver

A RS Pt S 8 EmpBRiGhe et gionind ke ¢he 05 O™ Re "
piemwe teeppostidwddegif éadinérs adj usted to reduce air | eakage.
The hol d back rope and inversion air 25 pressure are

{0968t I Ol lgdzréwgn i ‘ﬁ%ﬁd QI %Snsﬁﬁé;ﬁ; Mﬁ%%@ﬁbs SRR end

pressure use he 1 nversion.
thﬁtdwssprep@mg o wert fhe ieeg) limer g0 thafriieyrvib) becpremored &t adinsythg

suBpiR Gir &ANRNSin PRE S tiPRhRLted Mk bhed i nEXthBSIeR] PE
assenbly 61 with a nmold 62 and steel pipe 63 in the

(o ™ A OteR R ort b sirsest B e P £t Y 61 8 loged

antlZanl axUmsshan with S abwed t]ieofaﬂlehd)w dttaehel it portib® pipatvalve 67,

COI}%‘%PO&]’]&”%&%& i Jﬁo%pag thetfaer d gflﬁge oxBatis RE I nversion is

inverting liner is about
one dlaneterﬂpast the end of sanple nold 62. [0054]
(0963 hol d5-bacKhe gpeust yalve aed aif finlginganiaier b adissteoly Mpiplin

pdod ﬂe@rah@éc&mnéne&%aﬂ@Qn@curé sskel TQ@J&lbﬂle%ﬂﬁovﬁﬂanWtHeh
a piercing point 66 ? ower end and a val ve 67 _at

steRgHWPPLE h%r»e is %&aﬂrheéwg*%e %rrstqa}n paniglde dhe wantosiapgratg i npdfid:

th@ReR@ RS el st REthb4kr Si@mphiMeIl pi pe 64 from piercing
t he opp05|te side of the liner. [0060] A crewnrenber

[Owg%] s r RPAr Ss{e'g)m man%ldpc%re{altor 9oli {:I) ti{l} i) énf&e | nv%xrnt-llié)n

tha e is preparl € I nver
stgting. hdte tnlrtefacwtetnhpetaetrqo atetharﬁe@ Ctmkadasmgm it the far] Mashafplsy
pLessur

ai 0 nve liner.once it
forfod, Jub PRt SR Qi FERLISEE TRLH SRR b
cogtttuee amil tHeleyis PR Bcteaspairthd ingerficp tn tiataymakhdlel S cl osed

[0064] 6. Once warm-up is completed, air flow is slowly reduced and full
steam is used to maintain the recommended cure pressure. Full steam cure is continued
for about 1 hour recording inner-face temperatures at 15 minute intervals. And there is an
inner-face temperature of 130°F for at least 30 minutes of the 1 hour cure, cure is

complete. Ifnot, cure is extended until there is 130°F. for at least 30 minutes,

[0065] 7. Once the cure cycle is completed, steam is slowly shut off while

simultaneously adding air, Cure pressure should not be exceeded during cool down. The
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and an exhaust hose with a valve at the far end is
attached to porting pipe valve 67. Control of the
exhaust is now at the far end of the exhaust hose.
[0062] 5. The exhaust valve and air inlet regulator is
adjusted to maintain 15 good flow and recomended
heat up and cure pressure. The boiler is bl own down
and the steam supply hose is attached to the air
|fo ol.d operator S, NOL4 I bl
e SrOoR PR o Barnig B Ry Cheieankion e o
er{dpﬂlﬁé}]evﬁhelomer Steaampplgat Yodibids Geestat off. Wt the bejlet srpply
far 1 Wh
e ips SO o A8 L Mol fppi Y b il Bltonnl B LI SHLAER. When
cavhetiivel ie comspletd, Ghe aivepmuesgsor bty and wprssreiamirdiore lﬁfeJaa%?rie
R RHdohRe AR AR FAFmARRIR UP S conti nued unti|
t ere is a I'ncrease at the inner- facelnthefar
nhoI e. 006 6. Once rmup i.s .cq et ed
[9088ks) ow neadd»aé@amahedpm R Rl R bt R

cdntpRetd, Qtﬁ.ﬁm?[&ﬁ @&drn%fﬁwﬂ[c%ﬁﬂ]faﬁeouﬁjﬂ hdjussih@chaeie Aoe td aintain

conti nu for ord

o stprturte S50t g e B R EPRE g, AREE 1 BF B e
o’ﬁl’ﬁokpmmbnfoaet&atstmmpbmat ure of 130F for at |east 30

m nutes of the 1 hour cure, cure is conplete. If not,

d [, .th 1 .
O, 2 SR DGR A R il
regtoed o |zsro,sth©vdxkrausﬂwﬁiveolf5fﬁlﬂm pheaed. s idmy| oadrosatrs byt melr ihang

acg{g{\}&]lat%f_ﬁghaﬁagﬁ%% 1%1:113%@ lﬁ% r{ﬂg{éatp Bra %ﬁﬁde%gaugt%ﬁeﬂxglyc 0ol 15

i ner oramnlnrumo
m nutes or until |nterface is 130F. at the far end,
[0R8]c hev eAt ihis tingen therconfBiee apaces egdry yocgdurpoitt &rllowed toryeipove

0 Hbin A lmecy}g}ﬁ@a 08 ndeRd defices |s¥1ndal?@§1%odﬂﬁr%§ sure

reaches zero, e st eam supply hose Is disconnected at
the mani f ol d. V\hen cool down ;géaconpl et

(40881 oos Bie Sesitlairedds piocs Bone ot B PR BFeY el Sarn the
ark, €k @FE@dd fﬁ%fnamt icadt gh@lajiﬂr smmgaﬂé iesig mrégh:ﬁupmamﬂmal as a
rrom nl 0 endi on..t art
GRS BT PR BB HE C Bieool Booag i e
ar® siitetred hlooga sesmtline teformod fibukdriline. i qmnipatmhae‘.busxbylashc filmina
fu?rﬁj olf%t %Fn g)r el?l? Vgnatfehfﬁa dFlgce gl’yi, %‘!{tﬂlde& W 8 et %Qier 1o

SUST VA 'S c00l Ing to about
erﬂs@@lfheampttrm@bshtxoftbélmebck position for at |east one
hour. 10 [0067] Once the tenperature has cooled to the

[(Qlelﬁf red %&‘iaeréa Il%é:rr diernle?e\f\é, ngg’glsl%e?s Afsfelt material may be used. The

felt layers may be natural or synthetic flexible resin absorbable materials, such as
polyester or acrylic fibers. The impermeable filin in the outer layer may be a polyolefin,
such as polyethylene or polypropylene, a vinyl polymer, such as polyvinyl chloride, or a
polyurethane as is well known in the art. In the initial step in all trenchless rehabilitation

installations, the existing pipeline is prepared by cleaning and videotaping.

[0071] Prior to commencing installation pursuant to the method in accordance with

the invention, & curable thermosetting resin is impregnated info the felt of a liner by a
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reduced to zero, the exhaust valve is fully opened.
Any condensate that nmay have accunulated in the
bl adder is renpoved by condensate drain on the exhaust
assenbly. [0068] At this time, the confined space
entry procedures are followed to renove ends fromthe
lined pipe and reinstate services using standard
procedures. 15 [0069] The flexible cured in place
| iner .is, of the t
peptiy ey ot sty TRGUG e Sgpap by By R g el
inteethe el lapr égnabltie ematoe pi gpeping fatmedsn the jfpdrinedbleyfiim layer,

| . |
AR U380 Ul g8 Fﬂ;@s@aﬁgﬁ@&ﬁ SRRyl R
in| thﬁémmg dror Pre sudibprbepdurk j afghis vacuwoniserédohtion is described in
s AR5 B4t Nol bAbd,8122me bOHidRLlr PhiliPRE iRbrptlel HEgH by

material Is placed on or extruded over seamline in
regeenes-  AovidopRristsafresing ey bepesdneuehiap pelyestst. iyd eqigih gpoxy

re[stQZtQﬂ thd Bife, lwﬁfcﬂ &lay lok RRHiEN ANBERIS Tt ﬁﬁﬁ‘&ﬁr@ble 'tcaMEll’z§a &fsin
may be used. The  felt

|t materl ma
i (AT e R PP sl s s GO P
materials, such as polyester or acrylic fibers. The
[oomper rreaialcal fdallimp l'wenseEIh %a@tﬂe Qﬁocbs’éylﬁ‘ raccfé&ién&ewﬂl the invention

efin suc ene ropyl ene, a
bio B ritctie Avalas o st vk Bog Moy eh e
Bp (plrawcrimg thapmees, 4 mb\ﬂed ﬂnerkimm benedsite edfted thhiough e existing
plP%llSIlF a??f gl‘t%}tllgﬁg a?c%vﬁ 1ct10n %z%nﬁ gﬁq gvers olﬁ%gambseg Se?eergon pl‘%?SlB‘e can
b Inemared yithowtl increddiag &p ifiriggion [o@ (ﬁ%ll}lmmm lorer.t Stegioriyrthac pasged

r h
spigh o b Ml RS2 e AP Bl mARSANE BE e toh,
sigiiieadhaere afﬁucmtéy thayeonp equicuggfutifizing %@Plamg hgt watgr. pr ocess

referred to as "wet-out" The wet-out process generally

[dO‘?XP' VesAh rélreiﬁ‘;elrtﬂ% l[ﬂ%:silrﬁ coh&!u@te& Q&‘d fdﬁzln'fge& @y %coxtdEk{cQ ‘{ﬂ!ﬂ

end or an pen| ng ormed i n er nea
aqoewé?mbodmeawf i BvepE i Fhoam dn Piés §1 Hgit Eﬁ%mplﬁﬁfr@ égml@dar
trbugh@F béh119 Lfgdmnféu Bn b @Haln8r1$2 &Shel p%sM@rleh omqmnvérmgt A36uss 1o
linin rt uch procedur.e t hi
the ﬁﬁ}dé%wgﬂte “Sﬁd w% éfslclﬁ ihRogitipppdsgt @ﬁ Eﬂpt@a@ﬁf 14 ager hoxd Lo
fabmtateéree’ﬁﬁ@ r&iﬁmpiebﬁt@{(liﬂbrelﬂﬁ sntdboxvih i chheabpoﬂ HaRQIP® pa-t:ﬁrﬂf
| et
oI B bl ol ST Plis af o oo Rl Y Sheifi | Aol IR
sidawahlit dfibok il Kle Thwbottdm ofdypx: lbhl Im{ed]eﬂ htathafawn niefsswrenﬂpplé or host
ﬁrfg{ﬁ%&@ig% ﬁwér%d %njar 1 lg%ei%alfoﬁts 'Pg\uatirta\aﬁlgtgéhﬁ nﬁe? ﬁtlk é:%lg)!?d ona

room erature, cures r
sigytweat ofibert Bd .to [rﬁr@m}/stwn frem an e dipply live 18T e & fieam lm@el34

TR $L98Box 111 RGEIRGHARGE: WhkeRed 1RE! il@“@&tﬂop&cupy the full width of

opening 123, This insures that air and steam can flow fieely about the full perimeter of

the liner to force the liner through inversion boot 131.

[0074] An elastomeric sheet 136 is folded across the top opening and a plurality of
fingers 133 are positioned behind and in the fold of elastomeric sheet 136 to close

opening 123 partially as shown in schematic in FIGS. 5(a) and 5(b). This allows flattened
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10 readily allows one to attain the advantage of
curing aresin liner wwth flow through steam By
practicing the process, a tubular nenber can be easily
everted through an existing pipeline. By providing a
low friction gland on an eversion chanber, eversion
pressure can be increased w thout increasing the
friction on the nmoving liner. Steamis then passed

t hr ough th ring linper tili e
g 44 e g et A e B ok, b, bt ot 12951 8Y
edgésqfi iifidr a@ghbivy innsclrematid {iFEG.e)l y t han one can cure

utilizing circulating hot water. [0073] An air

[ng%er ti nignééﬂ:' lgalnjegﬂggcfﬁgg Eeld%% %{jmﬁﬂﬁugr ?ﬁﬁg@q% Bonnected to

ordance” wit | r enmpodi men I nvention
anj air mprofpld 133 HIsmwgin thp Plpssﬁ‘ﬁmpn%ﬂﬁjés Manifoid Bi9dhar an air

bl QUARe Ma Lok i lnd@bb@ﬁr@ eb1iOMN afve fLEANE n%ﬁ%oﬁu@ 14about 1 to 3
pasi ti oned over i nverti Nng _access Pndl.“ t

ori. ot BmPieh s Roped 6‘1 tb% Fﬂdﬂfga‘fhsmé 34 nbie ahea*iaclf Aty 166
fofdedBBstoldedic Gneey 136! OETI; gﬂagér(l?»?% pf)ﬁﬁdn?dl &oj’-‘lfh;ﬁ tifeepdd df@oﬁu&SliﬁlB
| npr egnat e r n e to
foir b o et bk Past o B lost B e Bpatuatorpt
opaiiifle 133n ber 1itng an openi ng 123 between the sidewalls
of box 111. The bottom of box 111 is seal ed and has an

opcy °' BB S BT o (b ROGMI 101 DY ok
copipevsible tyerrof mategiplpuehads| silispneygben with g dhin ahsarbent éarypv @ttedm

mH)@mhaae pé!ﬁ/éste? &-‘bﬁ% xpf byl 106 mln;*t%o Ye[e i W Bﬁ@m hih&a 1@-3ﬂxtera§ng
he size of is selected so flattene

ﬁrra.e'ﬁéﬁ? 1@@0%@@*1 h@tﬂd&e@@ws phdastogeric weaft 136 &t urep platiimfgic
sh3&3136 Hd Feid BsHhe ppRAS sidbd ofat[)ﬂ’PSﬁneﬁma? amyfidattyy CrPeeinyes
znifep% tfortt H??f%grlh lalie ﬁgaréllp t ecrl Bagtgt thfi g?ers [St}’g‘%&jtf %R%lolgo%%oﬁ.h eThis
meins $Ha0 PRdri 6 isketh A3 Bagg&t tieluahdderac layssistdnehd dpidepahitang
R R T L g
hagipe Rifrided12& qp dhricki sabtl iy thesubsivomsrsections CFeeintgle ﬁngersnﬂpflowoh

m&&ﬁélaﬁﬁ gp(:)eﬁ&?h% J&brﬁm@&age%thg ?3 LR crbss- Je&tfb‘ﬁ rlrre]gw].aﬁriﬁég

openi ng or ‘fingers to cl ose
ofdpaemi l8g The Ioldad arqsenayedigeanovebagki and rforﬁ'sacsq%mﬂ Svrfﬂce of CIPP
i h@@%& Gatidbly beendfig Pingeds OB 7S codrhERfeS fod s Wngk 118)isfot

rods seated in individual cylinders 138 connected to
thighnes§ 1 mani fol d 139 as shown in the cross-section in

FIG 7. Manifold 139 has an air 5 bl eeder val ve and
[ogmqg e 14 tl&ridus}ﬁﬁtﬁd; siniblimant,iapparat@l M@ inkfAdes 4 fidgeis d 37 ovilit

oo alontos el oS bR e By PR, Sl 217
as from 32 to 128 can be used with donuts that are anywhere from 1 to 5 cm. in diameter.
Obviously, the smaller the size of the donut the more fingers that can be included and the
finer the variations in the shape or profile of the opening are possible. However, one must
be careful that the donuts do not pierce the impermeable coating of the liner. The denuts
should not be too large so as to form gaps at the edges of the flattened liner or at regions of

changes in thickness.
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15

fol ded el astonmeric sheet 136. Each finger 137 is
positioned so that the ends of donuts 146 forma
conti nuously variable profile about |iner 116 and

cl ose the unoccupied portion of opening 123 in box
111. 10 [0076] El astoneric sheet 136 is a tenperature
resistant -3 to 20 nm thick conpressible |ayer of
naterial such as silicone rubber with a thin absorbent

to 8 _.mm). such as pol ter felt, t Ly,
OP% i canIl“"?rﬂo‘f prot %%llr PRlof danee] forﬁéponﬂ%ﬂafa%séﬁ%ﬁﬁ?ﬁﬁa
1161 pags@ieShrbdoh W% 6 1 pasd Hak aiBe6l Mt 1 deddivt Biediba@is t@fecure liner

o SREE Peot R BihoePel BRa LU SOt ieRef e

inVyrgorciadot 131. CI PP |l iners 15 intended for inversion are
manuf actured with the layers sized for final position.

[0bhoP ”eﬂ{&smgtglﬁhmp [)1109é'du1teout11191\’1§ rn%'eﬁ& dnkter 1@'19 @Rfikcal to thatt

circunference layer is on the insjde and the smal
deggribed fr e eprbier d@@&b@dﬂmba%ﬁmuuém@ﬁr inpatepitisilde. This

results in the inner layer having a folded area or
[wbi)]ck SpEthil Rtuishe stehtb&aﬂﬂﬁ&ﬁueﬁt@&bﬂ fort. abv@; iambh e thbiengades

and ccommdat e for

S R N e R T T R

mhy beemhadkh6d caFyimgfont e ebosit mathndhyndah B cnmmioasek fathdwvithout

ccpGh g5 Pk AR 2o 08 byl s Bt 48 08 et

ingharhgee dqacrzvpmt andtmp\mkméb%accqmwpg {rawingeshall be iterrietedias
ﬂﬁgEﬁQhﬁHB&lngﬁﬂﬁ& %§3110 i ncludes 64 fingers 137,
on eac of gland opening 123. It is

contenpl ated that any nunber of fingers, such 25 as
{008Bim 32 ¥tds dgobanndsestapd dlpt Wethllaydng glgims pegtintgpdsd to cover

ai%mwgeﬁ@mfaﬁa@ Bedifib %aﬁlre@ rar thla Ehvé.&f@mr% des@layea%@ LIYstat&rH&ts
the size of donut he nore fi ngers

0"2:%?1 scwee Pw@? uer@awarréu%@ 2 Ptien Pf lepguagea g oo Frd fanaltl #@re

b&hape or profile of the opening are possible. However,
one nust be careful that the donuts do not pierce the
i nper neabl e coating of the liner. The donuts should
not be too large so as to formgaps at the edges of
the flattened liner or at regions of 30 changes in
t hi ckness. 16 [0078] Inversion boot 131 or nipple is
el ongated to accomopdate flattened |liner 116 passing
t hrough box 111 and has ribs or ridges to receive
steel bands to secure liner 116. Canping plates are
provided to secure liner 116 agai nst the el ongated
sides of the
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i nversion boot 131. 5 [0079] The installation
procedure utilizing inverter unit 110 is identical to
that described for the earlier described enbodi nent
using air inverter unit 11. [0080] It will thus be
seen that the objects set fort above, anong those nade
apparent fromthe precedi ng description, are
efficiently attained and, since certain changes nay
be made and carrying out &hgu@bove nmethod and in the
construction set forth without 10 departing fromthe

WHAT SHYAINERNSd scope of the invention, it is intended that
all matter contained in the above description and

1. RDAYRdbnt @st@grﬁ Q&FQ ApakRG S iRIRg S r@smllnl)re@r%ted cured in place pipe

interprete ilTustrative and not in a limting
""m'“§QH§@9 [0081] It is also to be understood that the
4 slbkiamiathgriot! @htaergl © havitgandael stidece @rdan oudlbl] suddce din@nsioned to

allow arg%?ergh&emﬁedsirpﬁgé |Ih&'t$ S%EWe%r&f hi he invention herein
descri bed al | e of

PR BT A on SNSRI S BN BRGIS SR AE e surce
and a cgdly tbrrhiog {arainilersldire:hembéjd;ta)\@mn ifversioin AbdrButie\ATTon t8: outlet surface;

M.—J}gggé.ﬁ%e} (.'ZIO’f]\EBnﬁécrted' e rrﬁbr@a’an ara%amggwt ggr e

SR 5 d&s’ﬂiﬁ% o Ph Sog Ll amie 4Py ‘3? it surface;

and container (11) having an inlet surface and an outlet
l%%;@&?osgl th@%re,ﬁwéheﬁottz@ .s@hjhaamshw.dmﬁ@waatneﬁcaowtsdrgb the

comprefely RS ) BRTEL BRIPHI aE ot S BRE P (o6 R eges e
liner trageipthmagh the siptripetingsioto fitementaiaercind isdrvertedout the fnvergiombpot without the

com prebé'ﬂe.e ngie) (BN esbdPdgaRBdndimel WIHRTthd RtaPeOtiZy0Ut | et
(16) on the outlet surface; an air and steaminl et

(20) connected to the inversion chanber (12); a
2. Termiriessiohked steaneeuirabppeaBls of daiilserseitthe soriandn {'d) @dagmed with a
top havﬁ’l tHelot SheRing RIRBEY kﬂ&w& #6ihg @Jbe& tE@a | Zﬁlbﬁatnd SHeda6e edgéliadnoveable
towardso ¢ gtﬁeaﬁ ?(ﬁlg?@‘ls ﬁlf%?fﬁ%ergaé)%\ﬁ rﬁsst eg;a ?t&%m rﬁngssmgqll\rou th&%he (rt opening.

mat erial (46) against the liner in a dlrectlon
3, mnﬁ@’isioﬁ%hc‘y st&ﬁﬁ Elﬁ@ﬁlﬁpﬁ#éltlﬁrof s8mNRndréiN B aBiBast B mdve st edge is

a mo\fegtﬂ%i blg%!(Sonf,?\r)%F ?%% tl?) ﬁ?ot ﬁ?gcapﬁvertls ble% I nt owar%ts %(n)cp %ga{nﬁt a liner passing

through the slot opening.

4. The air inversion and steam cure apparatus of claim 3, including a block (51) having more than
one section (52, 53, 54) that can be adjusted independently to engage the liner passing through the slot.

5. The air inversion and steam cure apparatus of claim 2, wherein the at least cne moveable edge is
a plurality of moveable fingers (133) on one side of the slot (26) capable of being urged towards and

against a liner passing through the slot (26) opening.
6. The air inversion and steam cure apparatus of claim 4, wherein the block (51) is in three sections

(52, 53, 54) with each end section including a curved opening the engage the edge of a flattened liner
and the midsection is substantially straight.
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conpressible material (46) being pressed against the

l[iner wwthin the container (12). 2. The air inversion

and steam cure apparatus of claim1l, wherein the

container (11) is formed with a top having the slot

opening fornmed by two facing edges (23a, 24a) and at

| east one edge is noveable towards the other to

adj ust the size of the gap and press against a liner

passing through the sl ot openlng 3. The air

I nversion and steamcure a atus of claim2, erein
7. TieeidNerEn st S SHER RBPLS BHEM 1 Whetein B Bai BT Eﬁ’g'a Rubsfantay
cylindmmnmdsmaieveoa‘iontbhet($6)mfrtl(5®@)nntmpabl e of being urged

tomards and against a liner passing t hrough the sl ot

eni n 4. The air invers steamcure a tu

8. HFTIoR and HeATL T HEPPa b 8@?'13"@31‘5'“%%" "R ORI il g forme of a
metallicomgtergect i on (52, 53, 54) that can be adjusted

i ndependently to engage the |iner passing through the

slot. 5,  The air inversjion_and._steam
o Bpearinypion GHEALIHE FREAUE of QHTE. WHEThE0 BB LOBIG odomed o
a polymaripingted!.i ty of noveabl e fingers (133) on one side of

t he sl ot (26) capabl e of being urged towards and

ai nst assin h the sl 2 n
0. E SR andgerbrbhedra Sl cLr e b b eeh SR Koo o
Nwmh4, wherein the block (51) is in three sections (52,
53, 54) with each end section including a curved

eni t he age the e at t ened
B T R S e AR R S I S ST
an elasimeri¢ mateniasi on and steam cure apparatus of claiml,
wherein the container (11) is substantially

ﬁ’ rrllrgvre%’sgﬁ Iaacg%lear%curﬁ.ﬁpgo\é%{ P?ﬁ\/rg?@,‘ \nérlg]ereér?q tae eltastomenc material is
siliconegphiar.at us of claim 1, wherein the contai ner (11) |s
formed of a netallic material. 9. The air inversion

13. fré aérsfrgvg%regn %H& %ﬁﬁanp Qua}% 21:§rp%§a d_u%fog 8a| 3m wﬁérelm ?lieanst Elmaeolf;& is adjusted
by an agipstmitdyolhi4d) noaiiened tonaeihe bl@f*@@mc@m@ressmt%ﬁawﬁwer the slot

openin@Aridi 4¥hiflst aWAG hBishgltiteetabugheast one bl ock is formed of
Nyl on. 11. The air inversion and steam cure apparatus
of claim1l, wherein the conpressible material ﬂ%
14 Hie b invorstanend eleqra pup PRAATAIUEDS clipe. wherein H\?é?&lsé‘ﬁluﬂ by a plurality of

d.splacﬁb%&mb&y [183aRAE 8ddéPosfionsd Bl uldelifle contpedseibla niatbeial (46) over the slot
opening_ an% aSQFsﬁ E?nerrrgés%{nlg ﬁﬁlrougl§ the%|ot J)p%ﬂlﬂ& rubber .

15. The air inversion and steam cure apparatus of claim 2, wherein the gap is adjusted by a plurality of
opposed displaceable fingers (133) positioned on both edges to urge the compressible material (46) over
the slot opening and against a liner passing through the slot opening.

16.  The air inversion and steam cure apparatus of claim 5, wherein each finger {133) is formed by an

air driven piston or rod seated in a cylinder extending from a manifold positioned around the gap.

17.  The air inversion and steam cure apparatus of claim 1, further including a layer of absorbent

material on the surface of the compressible material (46) to contact the liner as it passes through the slot.
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13. The air inversion and steam cure apparatus of
claim3, wherein the at | east one block is adjusted
by an adjustnment bolt (44) positioned to urge the
bl ock and conpressible material (46) over the slot
openi ng and agai nst a |liner passing therethrough. 14.
The air inversion and steam cure apparatus of claim 2,
wherein the gap is adjusted by a plurality of
18. H‘Hesaq’ljlrﬂfét%%n LR étéé?rgafréap(p%%@s oPlaifdNg, \ﬁ@% tF?Qédntdar@F'@qi i& &n elongated

conpress
vox it St SR AR S RGOS ST M PR B R eg s
openi ng. 15. The air inversion and steam cure

19. ﬁ%%r Aekn Qf\d &L,é?ﬁ Nréa p‘éﬁﬁfs%\‘ Hait N, BRRi Hie @@ﬁdr@s%)@g mYeridl (46) is

luralit Epse di spl aceabl e fingers (13
5"‘“"“%6@‘3{?'1% bﬁﬂb% erétighs to urge the conpressible
mat eri al (46) over the slot opening and agai nst a

20. Jrﬁé"bfr‘rr invieRARA 'ancgstgemi &IHSQppTaE%s%'r Qélm%pﬁﬁﬂré]tgeacﬂ @ngel @394 & rod mounted

I nversion and steam cu para
in an s U] M TELER 55 ST LR SR BAT SERed FTEHSBP Syt
or rod seated in a cylinder extendlng froma manifold

21. ﬁ%sél dihRRRH aAd QERddrb Sppﬂ?a’ﬁns olc?lalm-l‘_lﬁew}%'réln thé"M&fta‘Me@ﬂ 178 dubstantially
St eam cur e

rectangb AT 10 LR ieeat BRI I P el ok i bpering

and seqionipheesigi bl e nmaterial (46) to contact the liner as it
passes through the slot. 19 18. The air inversion and
steam cure apparatus of claim15, wherein the
container (11) is an elongated box wth a slotted
openi ng and between 16 and 64 fingers (133) on each
side of the slotted opening. 19. The air inversion and
steam cure apparatus of claim 17, wherein the
conpressible material (46) is silicone rubber and the
absorbent layer is felt. 20. The air inversion and
steam cure apparatus of claim5, wherein each finger
(133) is arod nmounted in an air cylinder with a
donut at the exposed end for urging the elastoneric
sheet against the liner. 21. The air inversion and
steam cure apparatus of claim 18, wherein the
container (11) is substantially rectangular and the
i nversion boot (16) is tapered to allowthe liner to
be turned back over the opening and secured thereto.
20
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